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Abstract
All tiers of UK Government are required to include a range of environmental objectives 
in developing land use and transportation plans. The current trend towards 
regionalisation of governance brings with it uncertainty and debate. Part of this debate 
must include determination of the optimum scale for implementing land use and 
transportation plans to incorporate environmental objectives. This thesis is the result of 
developing tools to assist in this debate, using the environmental objectives relating to 
local air quality management and global climate change.
A major outcome of this research is the development of robust techniques and tools for 
the estimation of atmospheric emissions and subsequent air quality impact from land 
use, including industry, and transportation activities. An extensive number of evaluation 
techniques have been used to verify the robustness of these tools. These tools have been 
applied to a geographically diverse part of the UK representing a sub-regional level of 
governance and have been demonstrated to be applicable at the regional scale.
The tools have been used to provide a spatially detailed and source specific profile of 
emissions of key pollutants over a period from 1990 to 2020 allowing for the 
consideration of devolving the climate change objectives for reducing greenhouse gas 
emissions from the national to local scale. There is a balance between source size and 
the extent of geographical area (scale of governance) to ensure meaningful emission 
reduction measures can be implemented equitably. The tools have also been used to test 
the impact on local air quality of reducing emissions through assessment of a number of 
land use and transportation scenarios. The results indicate meeting climate change 
objectives will deliver more in terms of local air quality management than vice versa. 
There is expected to be a future limit to local air quality management in terms of 
reducing emissions and a need to reduce population exposure through land use planning. 
The issue of source scale may be overcome by adopting off setting policies.
The results of this research suggest the inclusion of local air quality management and 
climate change objectives in land use and transportation planning could be achieved at 
the regional or sub-regional scale, rather than local (district) scale of governance.
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MacDonald. A key outcome of the research has been to fully develop an Air Quality 
Management System, a stand alone strategic tool, which includes (coarse scale) air 
quality assessment of planning applications, a comprehensive (and fine scale) 
atmospheric emissions inventory and a dispersion model system integrated within the 
land use and transportation planning functions. It is expected the system could be 
developed by any regional authority. In the course of this research, the emissions 
inventory and model system has been applied to assess planning applications in Kent 
and Medway, develop the Local Transport Plan to address local air quality and climate 
change policies, and respond to government consultation on proposals for a major 
airport development in north Kent.
Research supervision was provided by Professor B. E. A. Fisher of the School of Earth 
and Environmental Sciences, and later the Environment Agency.
The author of this thesis has utilised a number of novel techniques to develop an 
atmospheric emissions inventory linked to land use and transportation activity data. The 
emissions inventory includes two pollutants associated with local air quality and one 
associated with global warming, is disaggregated by source category, both spatially to a 
fine resolution and temporally over a period of 30 years. The author has also developed 
a novel and efficient dispersion model system to provide estimates of local air quality. 
Both the emissions inventory and dispersion model system have been fully evaluated in 
the course of this research. These tools have been used to assess a series of land use and 
transportation policy options to demonstrate how they can be optimised to address both 
local air quality management and climate change.
The author has contributed to developing guidance on the application of local air quality 
management policy in the UK and is responsible for co-ordinating the principle UK 
forum for dispersion model users. He has presented and published the arguments 
developed during this research and its findings.
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Chapter 1 Introduction
This Chapter provides an overview of environmental policy relevant to climate 
change and local air quality management highlighting the commonality in these 
themes. This overview is supported with more detailed description in the 
Appendix. Assessment criteria for climate change, in terms of reducing 
greenhouse gases, are identified. The roles of government tiers are compared, in 
the context of devolution from national to regional scales.
The United Nations Conference on Environment and Development, held at Rio de 
Janeiro in June 1992, can be identified as the common origin for local air quality and 
climate change policies in the UK. The object of this Conference, often referred to as 
the Rio Summit, was to negotiate an Earth Charter marking out the principles for 
economic and environmental behaviour of peoples and nations. These negotiations 
produced (UN, 1992):
a statement of 27 
principles upon which the nations have agreed to base their actions in dealing 
with environment and development issues
a 40 chapter action blueprint on specific issues relating to 
sustainable development; requiring a consistent approach to both planning and 
environmental policy
for the management, conservation and 
sustainable development of forests
to stabilise greenhouse gas 
concentrations in the atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system
for the conservation of biological diversity, the 
sustainable use of its components and the fair and equitable sharing of the 
benefits arising out of the utilization of genetic resources.
The delegates of the Rio Summit agreed to reconvene after five years to consider 
progress on the above (Grubb et al, 1999). This meeting was held at Kyoto and is 
discussed further in Section 1.4.
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During the Rio Summit, the UK Government signed up to the principles of sustainable 
development1 and published its commitment soon after:
"The United Kingdom is determined to make sustainable development the 
touchstone of its policies. We recognise that this means a change of 
attitudes throughout the nation. That change cannot be achieved 
overnight, but gives no ground for defeatism - it should act as a spur for 
action."
(DoE, 1994a).
One of the recommendations for enacting Agenda 21 was for each country to produce a 
national sustainable development strategy. One of the first national strategies was 
produced for the UK in 1994, from which the above quotation is taken. This Strategy 
included a series of sustainable indicators including air quality. With respect to climate 
change, a target was agreed at the Rio Summit to stabilise greenhouse gas emissions to 
1990 levels by the year 2000. The UK was one of only a few OECD countries to achieve 
this (DETR, 2000a; see also Table A.l. of the Appendix)2 .
Following consultation in 1998, a revised sustainable development strategy for the UK 
was published; A Better Quality for Life (DETR, 1999a). Two key changes from the 
original policy are the inclusion of the social dimension of sustainable development and 
the devolution of administrations in Scotland, Wales and Northern Ireland. The current 
extent of devolution was not considered likely to affect the management of local air 
quality as the Air Quality Strategy, along with associated legislation and guidance, 
described in Section A.2, was expected to be adopted wholesale by the devolved 
administrations (DETR, 2000b, Chapter 1) particularly given the merging of UK Air 
Quality Objectives with EU Air Quality Limits3 . The effect of devolution raises the
1 Sustainable development is commonly defined as 'development which meets the need of the present 
without compromising the ability of future generations to meet their own needs', after the Bmndtland 
Commission (WCED, 1987). Although Cullingworth and Nadin (1998, p!66) provide some useful 
alternatives, the subject of defining sustainable development remains an ongoing debate. The UK 
Round Table (2000) provides a practical definition, suggesting 'development' implies change, 
progress, potential for improvement. 'Sustainability' adds to that concept the idea of durability. This 
implies change must not only be economically viable but also environmentally and socially successful. 
In considering the UK planning system in terms of creating development plans and providing 
development control, the UK Round Table considers the former provides the framework for ensuring 
environmental and social success (i.e. public interest) with the latter ensuring the private interests of 
the developer dp not prevail unreasonably over the public interest.
2 This target was also achieved in Kent and Medway; see Section 6.2.
3 DETR (2001b) has adopted of the EC Air Quality Framework Directive and First Daughter Directive
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question of subdividing the Greenhouse Gas (GHG) emissions reduction target to 
individual countries and even further, to regions or local authorities. The potential for 
further devolution, to the regional level, is discussed further in Section 1.4.2. The 
implications of local to regional scale air quality management are considered beneficial 
to reducing GHG emissions (see Section 1.3). However, the potential for devolving 
GHG emissions reduction targets to the sub national level may prove problematic. As 
demonstrated in Chapter 6, the contribution from individual industrial processes to total 
GHG emissions becomes more dominant the smaller the study area, suggesting any 
measures adopted by a local authority, for example, would be completely overshadowed 
by emissions from a nearby power station. In contrast, a further example presented in 
Chapter 6 demonstrates the impact of switching freight from road to rail would have in 
improving local air quality and reducing greenhouse gas emissions.
DETR (1999a) states the UK Strategy for sustainable development is based on meeting 
four broad objectives:
  social progress which recognises the need of everyone
  effective protection of the environment
  prudent use of natural resources
  maintenance of high and stable levels of economic growth and employment.
The effective protection of the environment is defined in the Strategy as acting to limit 
global environmental threats, such as climate change; to protect human health and safety 
from hazards such as poor air quality and toxic chemicals; and to protect things which 
people need or value, such as \vildlife, landscapes and historic buildings. This definition is 
useful in providing a high profile link between climate change and air quality.
Following initial work by the DoE (1996a) a set of some 150 sustainable indicators, 
including a subset of 14 headline indicators, have been developed to monitor the progress 
in achieving sustainable development. The indicators directly relevant to climate change 
and air quality are:
  emissions of greenhouse gases (headline indicator)
  carbon dioxide emissions by end user
  days when air pollution is moderate or high (headline indicator)
via the proposed Air Quality Limit Values (England) Regulations 2001 (H M Government, 2000a, 
20001). Importantly, the obligation for local authorities remains to work towards achieving the UK Air 
Quality Objectives (see Section 3.2) with the statutory duty for complying with the EU Limits residing 
with the Secretary of State. Evidently, similar proposed Regulations will be required for Wales, 
Scotland and Northern Ireland.
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  concentrations and emissions of selected air pollutants
  sulphur dioxide and nitrogen oxide emissions.
These indicators could provide a means for monitoring the effectiveness of local air quality 
management and the climate change programme in the UK. However, guidance from the 
NSCA (Williamson, 2000b, 2001) on air quality action planning suggests both direct and 
indirect indicators should be used to monitor the effectiveness of AQAPs. As illustrated in 
Figure A.I in the Appendix, year on year variations in air quality due to meteorological 
effects can mask expected improvements. The use of indicators such as traffic flow, for 
example, can assist in the process of consulting with non-air quality professionals and the 
general public as changes in traffic flow are more readily observed than changes in air 
quality. Note that the UK has been committed to reducing national emissions of pollutants 
since 1988. This is described further in Section A.1 and summarised in Table A.I of the 
Appendix.
In detailing the results of a 1995 survey of 36 Unitary Development Plans, Bruff and Wood 
(2000) consider the local government planning function to be significant in implementing 
sustainable development, citing the DETR's Modernising Planning agenda and the 
substantiation of this strategy as a policy goal for both local and regional planning bodies. 
With reference to the 1998 shift in government policy to greater inclusion of social 
progress, Bruff and Wood (2000) also refer to new initiatives such as community planning 
(to promote an over-arching framework of economic, social and environmental well-being 
based on full community participation) and best value (a new duty placed on councils to 
deliver services to clear standards based on cost and quality, and reflecting sustainable 
development principles). The Office of the Deputy Prime Minister (2002b) has provided 
guidance on this matter, requiring the integration of planning requirements within the 
community strategy or the best value performance plan where practicable and, more 
specifically, calls for the local air quality strategy to be subsumed under the Local 
Transport Plan if traffic is the main derivative of air pollution.
In title at least the planning guidance most relevant to this study is PPG23 : Planning 
and Pollution Control published by the Department of the Environment in 1997. The 
latest consultation draft of this guidance note, issued by the Office of the Deputy Prime
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Minister (2002a) states the purpose and scope of the guidance specifically includes ways 
in which the planning system can contribute in the longer term to improving air and 
water quality, and to reducing emissions of greenhouse gases. In summary, the planning 
authority is required to consider both air quality and climate change (in terms of 
greenhouse gas emissions and impact on land use) as material for consideration. The 
high level link between air quality and climate change at national policy level has 
filtered through to being a significant consideration for local and regional planners.
PPG23 does not consider the option to off set emissions from one source by reducing 
emissions from another. This is the basic principle to emissions trading (see footnote 5, 
page 10) and has been successfully applied by the Environment Agency (1999) to UK 
electricity generators. In this case, operators of UK power stations are limited to a 
company ceiling for NOX and SOX emissions rather than individual ceilings for each 
station. Operators have the flexibility to decide which power station to operate. In all 
circumstances, local air quality criteria must be adhered to. Although the Environment 
Agency has stated that offsetting is not applicable under pollution control regulations (H M 
Government, 2000b) as they apply within the fence of the licensed site only (Powlesland, 
2002) a precedent does appear to be in place. The use of planning gain, as Section 106 
agreements under the Town and Country Planning Act 1990 (H M Government, 1990) is a 
similar concept to offsetting although, with respect to air quality management, there 
appears to be no examples of this mechanism being used in this manner except to require 
the installation and operation of air quality monitoring stations (Bull and Ireland, 1994).
1.2 UK AIR QUALITY MANAGEMENT 
1.2.1 Concepts
Current central government policy on air quality management, as depicted in the AQS 
(DETR, 2000b) may be considered in terms of:
  reducing pollution emissions at source on a national scale
  setting Air Quality Objectives
  local management of pollution 'hot spots' - locations where achieving Air Quality 
Objectives is not expected.
The development of air quality management policy in the UK is described in Section A.2 
of the Appendix. As discussed below, the first of these policy areas were developed as a
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reaction to European Union Directives. In contrast, the setting of air quality objectives 
(quality standards to be achieved by some future date) and provision of local management 
is a concept developed in the UK and mirrored at the European level.
This concept of managing short term air pollution events by reducing long term average 
emissions is not new. Elsom (1996) for example, describes how this approach was used to 
tackle the London smogs by long term management of domestic coal burning and is used 
today to manage urban smog more characterised by complex photochemistry than sulphur 
dioxide and smoke. This is illustrated in Figure 1.1.
In the context of this research, this form of management is favoured as long term average 
concentrations of air pollution are considerably easier and quicker to model than short term 
episodes. Moreover, by managing local air quality using long term measures we are also 
providing a similar framework for managing the reduction of GHG emissions. The need 
for a rapid assessment tool should not be underestimated, as the development of an AQ AP, 
involving the consideration of many management measures in varying degrees, also needs 
to be responsive to changes arising from obtaining committee approval for its 
implementation (see section 1.3). As described by Ireland (1998) Ireland and Fisher (1999) 
and Fisher et al (1999) and discussed further in Chapter 3, this method of assessment has 
required establishing relationships between long term means and short term episodes.
As prescribed in sections 82 to 84 of Part IV of the Environment Act 1995 (HM 
Government, 1995) local authorities have a key role in ensuring the AQS succeeds and 
have regard to guidance issued by central government. References to GHG emissions 
are included in this guidance, specifically with reference to transport (DETR, 2000g; 
paragraph 1.12) and in the context of Air Quality Strategies contributing to Local 
Agenda 21 initiatives (DETR, 2000f; paragraph 4.02).
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Reducing baseline emissions over several years will eventually reduce the frequency of occasions 
when smog alerts are exceeded, although variability in weather conditions from year to year may 
obscure this trend for a while.
(Source: Elsom, 1996)
The overall process of local air quality management has been described and much 
reviewed by others from the basic elements (Elsom and Crabbe, 1996 Elsom, 1999; the 
regional implications raised by this paper are considered in section 1.5; and Elsom et al, 
2000) to a focused overview of the statutory duties for UK local authorities by Murley 
(2002) with a comprehensive description of the air quality management process, as 
practiced in the UK, from EC Directives to Review and Assessment (R&A) by local 
authorities provided by Beattie et al (2001). In comparing the development and 
implementation of the UK AQS with the EC Framework Directive on Air Quality 
Management, Elsom (1999) considers the two strategic frameworks to be similar, with
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the UK government proposing to implement the EC Directive with minimal legislative 
changes (DETR, 2001 a, b). Elsom suggests the experiences of UK local authorities may 
prove useful to other member states, highlighting the need for guidance and support 
from central governments to be available in time.
Much of the review to date has focused on the requirements for the first round of R&A 
designation of Air Quality Management Areas (AQMAs) and subsequent 
implementation of Air Quality Action Plans (AQAPs). Beattie et al (2001) propose an 
ideal model for future air quality management practice in local authorities with the 
implementation of a long term (10 year) AQAP irrespective of whether an AQMA is 
designated. This proposal is in the same timescale as regional planning. The bottom 
half of Figure 2.2 illustrates the cyclic nature of air quality management. The process 
continues well beyond 2005 and, similar to land use and transportation planning, needs 
to become embodied within the ongoing workload of local authorities. Considering each 
element in turn (monitoring, emission inventories and modelling) a business 
management viewpoint can be adopted that the more effort required to assess a 
management scenario, in formulating an AQAP, the less likely it is to be adopted:
  too much detail in the earlier stages of AQM may slow the assessment of 
alternate AQAPs and therefore reduce the potential to assess comprehensively a 
variety of options for AQM
  too many resources and too much time spent on the review and assessment stages 
of air quality management could reduce the time and resources available for the 
development of effective AQAPs
  too much time and resources spent on the earlier stages may actually mean that 
the information and results collected/generated in the earlier stages are not 
available for inclusion in the development of AQAPs.
Whereas initial detailed R&A is required, the formulation of AQAPs requires a more 
streamlined approach to ensure inclusion of all relevant factors implicit in implementing 
an AQAP. This streamlining of the R&A process is possible because of the cyclical 
nature of local air quality management but only in conjunction with established ambient 
monitoring regimes. Techniques for achieving this are considered in Chapter 3.
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The UK has been developing environmental policy addressing climate change since 
1990 with the introduction of the non-fossil fuel obligation (NFFO) programme to 
encourage so called renewable forms of power generation, including wind and landfill 
gas turbines, energy crops and biofuels. The Climate Change Programme (CCP) was 
initiated formally in 1995 and, following consultation of a draft in 2000, was adopted 
later that same year (DETR, 2000a).
In contrast to the USA, the UK government has accepted the scientific view that climate 
change is occurring (see Section A.3 and Table A.2 in the Appendix); the introduction to 
the CCP states that some climate change is inevitable and anthropogenic contributions to 
greenhouse gases need to be curbed. The CCP considers measures to live with climate 
change (reactive policies) and measures to reduce GHG emissions and hence, minimise 
further change (proactive policies). This research focuses wholly on the proactive 
policies, some of which are described in Section A.4 of the Appendix.
Prior to the publication of the CCP, the Royal Commission on Environmental Pollution 
(2000) proposed a future energy policy for the UK with a focus on the climate change 
implications of not moving away from a carbon based economy. The Royal 
Commission concluded that UK climate change research to date suggests further global 
reductions of 60-70% below 1990 levels will be required within the next 50-100 years. 
This target is referred to in the CCP which includes a domestic goal for reducing COz 
emissions by 20% below 1990 levels by 2010. The estimate of global reductions in 
GHGs required is considerably greater than the 5.2% reduction from developed nations 
agreed at Kyoto, suggesting that, even accounting for climate model uncertainty, much 
more needs to be done. Translating this target to the UK (a developed nation) suggests a 
domestic target in the order of 90% (DETR, 2000a; p9). Assuming no radical change in 
policy, this implies measures well beyond those included within the CCP will be 
required in the long term. Based on personal discussions with fellow practitioners, it is
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generally recognised this will require a significant change in lifestyle for the UK 
population.
The CCP is based on implementing a series of sectoral measures aggregated to meet the 
UK Kyoto commitment. Based on existing policies, including increases in road fuel 
levy to 1999, climate change levy and meeting a 10% renewables target for power 
generation (introduced via the Utilities Act 2000, HM Government, 2000c) the UK is 
expected to cut GHG emissions by just over 13% and meet its Kyoto commitment of 
12.5%4. The CCP acknowledges this achievement is mainly as a result of fuel switching 
in the energy sector during the 1990s5 .
As illustrated in Figure 1.2, UK GHG emissions are expected to increase from 2000 
onwards, most significantly in the transport sector. Working from a 1990 = 100% 
baseline, the marked reduction in emissions by 2000 (14.6%) is primarily due to 
improvements in the energy and business sectors. The 33% reduction in GHG emissions 
from the energy sector is largely due to switching from oil and coal fired generation to 
more efficient and less carbon intensive gas fired plant. A similar (27%) reduction in 
emissions from the business sector is attributed to fuel switching to gas and the 
replacement of old equipment with new, more efficient plant. One significant reduction 
(3% of the UK GHG total) has been achieved by the single installation of emissions 
abatement technology to reduce NiO emissions from a chemical works. The potential 
for one-off measures for reducing emissions from the energy and business sectors is now 
diminished with any further improvements expected from a diverse range of measures. 
Indeed, the forecast trends for the period 2000 to 2020 is a slight increase in emissions 
from these sectors. There has been no significant change in emissions from the 
domestic, agricultural, forestry or public sectors since 1990 and, as an aggregate, no 
significant change is forecast from these sectors up to 2020. In contrast, emissions from 
the transport sector have increased by 7% since 1990. This trend is expected to rise with
4 This target is actually the agreed target for the UK as part of the EU 'bubble' of 8%. The 
allocation of the EU bubble amongst member states, agreed in June 1998 (Grubb et al, 
1999; pp!22-124) is expected to be ratified in 2002; the tenth anniversary of the UN 
Framework Convention on Climate Change (DETR, 2000a; pp 32-33).
5 In proposing the European Climate Change Programme, the European Commission 
considers the UK switch in fuel technology is a unique event, similar to German Unification 
and unlikely to occur again. On a positive note, the EU has been successful in negotiating 
significant improvements in future road vehicle fuel efficiency from the motor 
manufacturing industry, is developing an EU wide renewable energy policy and consulting
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an overall 35% increase in emissions by 2020. In summary, savings in the energy and 
business sectors since 1990 are expected to enable the UK to meet the Kyoto Protocol. 
However, the reductions achieved to date will be eroded, principally due to an increasing 
rise in emissions from the transport sector and only marginal changes in other sectors.
The CCP recognises further measures are required in the long term, not least because the 
domestic target of a 20% cut in COz emissions will not be achieved on these projections. 
The CCP includes proposals for further measures. Many of these measures are 
unquantified or, at best, include a wide range of uncertainty. However, the CCP 
considers a 'realistic' view that these measures, if successful, are expected to cut GHG 
emissions to 21.5% below 1990 levels. Emissions of CO2 are expected to fall from 13% 
to 17.5% below 1990 levels. The CCP optimistically concludes this shortfall in meeting 
the domestic CO2 target will be met by as yet unquantified measures.
o 
o
<D 
O)(0
0)
Greenhouse Gas Emissions by Source, MtC
1990 2010
Year
(Source: DETR, 2000a)
on emissions trading of greenhouse gases (CEC, 2000a,b).
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Although the CCP is based on a review of what can be achieved by each sector, it fal 
short of setting targets for each one. Emissions in the transport sector, particularly, roc 
transport, have risen since 1990 and are expected to continue rising beyond 2020 (s< 
Figure 1.3). By 2010, national GHG emissions from road transport are expected to t 
50% greater than in 1990. Even with the additional measures included in the draft CC] 
emissions are expected to increase by 24% over the same period. More significantl 
and noted for its absence in the CCP, is the risk that savings made by the pow< 
generators may be traded internationally, thus reducing the contribution to the UK total.
The CCP emphasises the UK target for reducing GHG emissions and goes on to confin 
the agreement of the devolved administrations to work in partnership with the U] 
government to meeting the both the Kyoto and domestic targets. Evidently, the adoption c 
these targets by the devolved administrations could occur in the future in a simik 
arrangement brokered at European level. The CCP also refers to the DETR wish for th 
implementation of Regional Sustainable Development Plans. One of the statutory purpose 
of these plans is to contribute to sustainable development, including climate change (an 
local air quality).
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(Source: Kent County Council, 2000a)
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The UK is administered through the enactment of laws passed through the Houses of 
Commons and Lords. With respect to environmental protection, these laws are usually 
translated into strategies or programme which are developed and implemented at a 
national scale, as prepared by the departments of central government, and cascade down 
progressively to a local scale (ie. to the district council); this is illustrated in Figure A.2 
in the Appendix. The main tiers of government are described in Sections A.5 to A. 10 of 
the Appendix, highlighting their current roles in implementing local air quality 
management and the CCP. The effect of devolution, in terms of devolving 
administration from UK Government to England, Scotland, Wales and Northern Ireland 
is not considered to significantly affect the conclusions drawn from this research as the 
relevant central government policies have been devolved as part of this process. 
However, the further devolution of governance to the regions is considered important.
In a review of regional policy and planning in Europe, Balchin and Syhora (1999) 
present evidence of a trend towards devolution to the Regions6 of Europe supported with 
reference to the underlying EU aim of creating economic cohesion in the EU. This 
economic policy is considered partially effective; the north/south divide across the EU is 
narrowing although full convergence is offset by regional differences. Supporting this 
policy are EU initiatives to create trans-European transport and telecommunications 
networks and to open up the gas and electricity supply industries with the aim of 
optimising opportunities for economic growth in all regions. In comparing the planning 
administrations of EU member states, Italy and Spain are presented as examples of fully 
devolved states with planning and legislative powers maintained at the regional level. 
The UK is considered a devolving unitary state similar in many respects with France, the 
Netherlands and Portugal.
In evaluating the impact of European Union membership on the planning activities of 
nine local planning authorities in England, Scotland and Wales, Bishop et al (2000)
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provide a useful summary of the European Dimension to UK planning. This is 
summarised in Figure 1.4; the influence of EU on planning has been, so far, at the local 
rather than the national level. As noted also by Balchin and Syhora, any direct EU 
influence on UK planning has been minimal to date despite the Maarstricht Treaty on 
European Union including explicit references to 'town and country planning' and 'land 
use'. However, many EU measures currently affect UK planning indirectly including, 
for example, environmental Directives and policies on transport, agriculture and regional 
development, in addition to direct funding (e.g. INTERREG7). Such funding is now 
directed via the newly formed Regional Development Agencies (RDAs). The RDAs 
themselves are considered to signify the third wave of regionalisation in the UK in the 
post war period and are far more significant because it is a UK wide programme of 
constitutional change (Morgan, 1999). Research by Allmendinger and Tewdwr-Jones 
(2000) highlight the uncertainty over both the future spatial dimension of planning 
processes and the scale links between the new regional level and existing national and 
local levels of governance.
Balchin and Syhora (1999) consider the planning systems of EU member states will 
come under the influence of EU legislation8 . The expectation is that a more structured 
'integrated system' of planning (i.e. 'spatial planning') will be required at regional level 
directly linked to regional funding by the EU. This may lead to Regional Assemblies in 
the UK eventually attaining legislative powers9 . Bishop et al (2000) consider the 
production of plans or strategies 10, other than statutory development plans, is influencing 
the statutory planning process through the provision of an additional context for
6 An example of a Region is the area covered by the Government Office for the South East of England.
7 INTERREG is an EU funding programme (provided via Annex 10 of the European Regional 
Development Fund) concerning transboundary regional development, of strategies and transnational 
links. For example, Kent County Council has received some £20.6 million funding through 
INTERREG I and II. One of the transnational links being developed between Kent County Council 
and Nord Pays de Calais concerns the monitoring, assessment and management of air quality (Bishop 
et al, 2000, Kent County Council, 1999).
8 Examples cited: the inclusion of town and country planning within the Maastricht Treaty, the 
proposed Directives Assessment of the Effects of Certain Plans and Programmes on the 
Environment, which will require all statutory land use plans to be subject to strategic environmental 
assessment, and European Spatial Development Perspective, aimed at supporting more balanced 
territorial development across Europe.
9 The use of spatial planning tools, such as a Sustainable Development Strategy is advocated by the 
UK Round Table on Sustainable Development (2000) who highlight the lack of integration between 
land use plans and public investment policies.
10 Referred to collectively as 'spatial planning' as opposed to UK 'planning' which refers quite 
specifically to the process of land use planning as pursued through the town and country planning 
system, ie. restricted to controlling development and the use of land, affected at a local level though 
the preparation of development plans and the granting or withholding of planning permission.
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development plans, the joint development of policies and the establishment of new 
policy networks. In theory, this will assist in the rescaling of UK governance. However, 
Gibbs and Jones (2001) present evidence of continued tension between local and 
regional scale government, citing Local Agenda 21 as an example. The tools developed 
in this research will not resolve this issue but provide the means of testing land use and 
transportation policies to address air quality management and climate change objectives 
at various scales.
'splendid 
isolation'
'gradual 'broader 
reappraisal' based involvement in
Europe'
'spatial 
planning'
1945 1973 1986 (1991) 1998
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Single European Act, 
1986.
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Town & Country PI. Act 
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(after: Bishop, Tewdwr-Jones and Wilkinson, 2000)
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As described in Sections A.5 to A. 10 of the Appendix, the statutory responsibility for 
meeting the GHG emissions reduction target currently lies with central government. At the 
other end of the scale, statutory responsibility for managing local air quality lies with the 
district councils. Devolvement of the UK target for reducing GHG emissions to the 
regional or sub-regional level is technically possible via the development plan route in 
combination with AQAPs and LTPs without the need for change in policy or guidance. 
Equally, the responsibility for local air quality management could be passed on through 
County Council and Regional Conference levels. Current policies for air quality 
management and the reduction of greenhouse gas emissions are both in line with the 
principles of Agenda 21 in this respect. Proposals for amending regional planning 
guidance include reference to undertaking environmental and sustainable appraisals of 
regional development plans with specific reference to the GHG emissions reduction 
target and the AQS (ODPM, 2000, 2002a).
Responsibilities for reducing GHG emissions could be considered to lie at all tiers of 
government considered. This partly contrasts with air quality management for which 
statutory responsibility lies with central government and the lowest tiers (ie. district 
council, metropolitan district council or unitary authority) only. This is illustrated in 
Figure 1.5 below. The optimum tier of government for combining GHG emission 
reduction targets with local air quality management will be a function of being 
sufficiently large scale for emissions from different sectors to be comparable and being 
sufficiently local for the implementation of air quality management measures. This 
suggests immediately that setting GHG emissions targets at the district level is not 
appropriate and implementing air quality management strictly in terms of the implied 
compliance dates included in the Air Quality Objectives at a regional level is not 
possible. One means of overcoming this is for pollution control and land use planning 
policies to adopt offsetting. This issue is considered in Chapter 6 with a series of land 
use and transportation scenarios.
The above argument may, in practice, be largely academic as policy makers focus more 
on ozone and fine particulates. For example, Cannibal and Lemon (2000) consider a
16
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regional approach is essential for reducing tropospheric ozone formation. Similarly, the 
AQS (DETR, 2002b) clearly demonstrates the need for a regional scale approach to 
reducing paniculate concentrations. In describing the evolution of air quality 
management policy and practice in the UK, Beattie et al (2001) consider the UK 
experience may act as a model for implementation of the EC Air Quality Framework 
Directive. Moreover, the results of survey work cited by Beattie et al (2001, 2000, 
1999) suggest almost all urban authorities have formed regional groupings to consider 
management of local air quality. This suggests the current model of air quality 
management, with most focus on local 'hot spots' and compliance with air quality 
standards within a few years, will be replaced by a more regional framework with longer 
time horizons. This framework could, therefore, include greenhouse gas emission 
reduction targets as well as local air quality objectives.
17
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This Chapter provides some background to the research and, through discussion of 
a typical example of land use and transportation policy issues, sets out the 
hypothesis.
This research originated from work undertaken in developing the Kent Air Quality 
Management System (KCC, 1995) at a time when local air quality management was 
becoming a statutory duty (HM Government, 1995) but prior to the development of a 
coherent national policy towards climate change, albeit now recognised as a key issue 
since the run up to the Kyoto Summit (DETR, 2000a). Discussion with local authority 
planning officers in 1996 regarding a proposed bypass highlighted the potential policy 
conflict between improving local air quality and reducing greenhouse gas emissions. 
This is illustrated in Figure 2.1. Table 2.1 summarises the potential for further conflict 
based on further discussion with the same officers.
A proposed town centre bypass (illustrated by the 
dashed blue line) would improve local air quality 
by reducing traffic volumes in the town centre 
(grey shading) but, by increasing the distance 
vehicles travel, would increase greenhouse gas 
emissions. Note: (1) the bypass alone would not 
ensure reductions in traffic volumes; 
complementary measures such as traffic calming 
or downgrading of roads is also required; and (2) 
the bypass provides new potential for 
development zoning from the existing urban 
fringe to the bypass itself. See main text for 
discussion of neighbouring towns.
(Source: this study)
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Table 2.1 
Air Quality Management Measures and Emission Reductions
Management Measure
Improved vehicle emission control
Promoting cleaner fuels
Road traffic reduction
Industry/domestic fuel switching 
(oil to gas)
Domestic energy efficiency
Pollutant Emission Reductions
Local
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^
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^
v'
^
Benzene
^
^
^
-
.
1,3-Butadiene
^
^
^
-
-
Sulphur dioxide
 
-
-
«
&9
a
-
-
-
-
-
Nitrogen Dioxide
^
-
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^
^
Global
Carbon dioxide
X
X
^
^
Key:
reduction in emissions
* increase in emissions 
not applicable or no significant change in emissions
(Source : this study)
As described in Chapter 1 of this thesis, the common origin of local air quality 
management and climate change policy in the UK is the Rio Summit in 1992, the former 
being implemented by local authorities and the latter by national government. The need 
for local air quality management arises from the recognition that national measures to 
improve air quality are only cost effective to a point, leaving 'hotspots' that require local 
measures. One of the stated guiding principles of the UK Air Quality Strategy for 
England, Scotland, Wales and Northern Ireland (AQS) (DETR, 2000b) is that of 
subsidiarity. Subsidiarity is the principle that states 
Local air quality management can be seen as 'bottom up' 
in contrast to the current 'top down' approach advocated in the Climate Change 
Programme which, although it includes a number of initiatives implemented at all levels 
of government, responsibility has not devolved from central government (DETR, 
2000a).
Guidance for implementing local air quality management duties, as prescribed by Part 
IV of the Environment Act 1995, has evolved during the course of this research.
20
Chapter 2 Hypothesis and Methodology
Membership of the Air Quality Committee of the National Society for Clean Air and 
Environmental Protection (NSCA) has provided early insight in to the development of 
the Air Quality Strategy for England, Wales, Scotland and Northern Ireland, Air Quality 
Regulations and associated guidance published by the Department for Environment, 
Transport and the Regions (DETR, 1997a-e, 1998a-d, 2000c-l, 2001a) and its successor 
the Department for the Environment, Food and Rural Affairs (DEFRA, 2002a-b). As the 
guidance evolved, the need to follow best business management practice, as described 
by Krajewski (1996) became clear. Making the process cyclical allows for continual 
improvement and the inclusion of new pollutants, such as polycyclic aromatic 
hydrocarbons. This is illustrated in Figure 2.2 and made implicit in the latest draft 
guidance issued by DEFRA (2002a).
The town illustrated in Figure 2.1 cannot be considered in isolation. Introducing traffic 
restriction measures in the town, for example, might lead to business moving to an 
adjacent town with less restriction. This is well recognised in local transport planning, 
which tends to be implemented at the county rather than district scale (Beattie 
2001). As road traffic is responsible for the majority of pollution 'hot spots' 
(Woodfield, 2001a-b) one conclusion from this is that local air quality management will 
not be implemented at the local (District) level beyond monitoring compliance and 
management performance; the three boxes in the lower part of Figure 2.2 may be 
considered equivalent to the Review and Assessment undertaken by the local authority. 
This conclusion is supported by the draft local air quality management policy guidance 
published for consultation by DEFRA (2002a) which states:
(DEFRA, 2000a, paragraph 3.30)
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This represents an opportunity for the timetable for compliance embodied within the Air 
Quality Objectives11 to slip. More so, as 
(DEFRA, 2000a, paragraph 3.26).
As argued in Chapter 1 of this thesis, widening the geographical area (or level of 
governance) and extending the schedule of implementation for an AQAP could enable 
the existing local air quality management cycle to be co-ordinated with, or even 
incorporate, other policies, such as reducing greenhouse gas emissions, noise or any one 
or more of the 30 initiatives identified by the NSCA (Williamson, 2000a-b). However, 
in reviewing the progress made by highways authorities to incorporate air quality 
management within local transport plans, Beattie (2001) noted the diversity in 
progress, particularly given the different cycles for local transport plans and local air 
quality management, and the need for more explicit guidance. This appears to be similar 
to experience in the United States. For example, Chang (2000) cites Atlanta, Georgia, 
where successive air quality improvement programs with a five year planning horizon 
are not in step with the 20 year planning horizon, typical of industrial development and 
regional transport where measures to improve air quality will occur. This example of 
tension in planning is reflected by tension in UK governance as regionalisation 
progresses (see Section 1.4). Resolving these issues will be assisted by use of systematic 
or quantitative tools to assess the implications of including environmental objectives 
within land use and transportation policies. There is limited evidence in the literature of 
quantitative attempts to include more than one environmental objective within local 
transport planning. Two recent examples are Yang and Chen (2000) who describe a 
systems based approach to assessing local and regional air quality impacts of a number 
of transport management scenarios, and Spadara and Rabl (2001) who evaluated the 
damage costs of automotive air pollution from two case studies: one local (across Paris) 
and one regional (from Paris to Lyon). The second of these studies indicated damage 
costs for carbon dioxide are less than for nitrogen dioxide with particles having the 
greatest cost impact in urban areas.
11 Typically, air quality standards have to be achieved by 2003 - 2010, see Table 3.2.
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2.2 
The area included in this study is the county of Kent and the Unitary Authority of 
Medway within the south east region of England (see Figure 2.3). The study area is 
diverse with significant historic and projected change. The presence of major transport 
corridors, industry, small and larger conurbations, and contrasting rural parts suggests 
the area is expected to illustrate most of the issues arising from air quality management.
The area is a peninsula covering some 388,878 hectares and is surrounded by coastal 
waters on three sides. The southern shore of the Thames Estuary forms the northern 
coastline, into which flows the River Darent and the Medway. The east coast includes 
the Stour Estuary and the south east coast includes Romney Marsh and parts of the River 
Rother which flows into the sea at Rye (in East Sussex). The major landforms from 
north to south are: the Thames Basin; the North Downs; the Weald; and Romney Marsh 
(KCC, 1993, 1995). The study area is considered to represent a significant economic 
region to test potential policy impacts between LAQM and climate change.
In 1995 the combined population of Kent and Medway was 1.5 million of which 72% 
live in urban areas of over 10, 000 (KCC, 2000a). The major urban areas with a 
population over 100, 000 are: the Medway Towns (Rochester/Strood, Chataham, 
Gillingham); Thameside (Dartford, Gravesend/Northfleet); Maidstone and the Medway 
Gap; and the Thanet Towns.
The area is dissected by a number of nationally important transport corridors including 
the M25, M20/M26 and M2/A2, linking to the Continent. Industry, including a number 
of power stations, paper mills and cement works, are generally located in the north of the 
study area (KCC, 1995).
The continued long term strategy for the area is to stimulate economic activity and 
employment, capitalising on existing relationships with mainland Europe, with priority 
being afforded to the east and north of Kent (KCC, 1993).
Although the methodologies described in this chapter have been used to estimate 
emissions and dispersion at the level their extension to the scale is
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considered valid. By identifying suitable activity data commonly available to local 
authorities and using a GIS platform commonly used by local authorities, the 
methodologies developed for this study are considered transferable elsewhere. This is 
the subject of further research to extend the study area to include other authorities within 
the south east region of England and local authorities in Northern France and Belgium as 
part of the EU funded Interreg III Programme (KCC, 2002).
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Using the business management analogy, the development of an Air Quality Action Plan 
(AQAP) can be considered as If one considers a 
manager having to decide between various options, the time or resources required to 
study each option will influence the decision to include it. Another perspective is to 
consider options in terms of the cost of 'extra quality'. In most areas of manufacturing, 
it is recognised that quality can add to costs and that supplying a 'quality' in excess of 
the customer's requirements adds unnecessarily to costs and diverts resources away from 
other stages in the process. A parallel could be drawn here with the concept of Best
i 
Value . One might argue the degree of quality required for a review and assessment of 
air quality is to simply comply with the guidance provided by central government 
(usually stated as the best defence if the results of review and assessment are questioned 
under judicial review). A less pragmatic view would be that the review and assessment 
should be sufficiently robust to determine whether certain Air Quality Objectives will or 
will not be achieved. Supplementary guidance developed by the Air Quality Committee 
of the NSCA (Williamson, 2001) highlights the inherent uncertainty of the review and 
assessment methodology suggesting this second view is less realistic for the purposes of 
land use and transportation planning. Returning to the business analogy and the cyclical 
process, one might argue the tools required should be sufficient to monitor or predict 
in air quality rather than provide definitive values. Furthermore, given the 
additional uncertainty attached to implementing Air Quality Action Plans, attempting to 
reduce to an absolute minimum any uncertainty in the review and assessment process 
may be erroneous if this delays actual implementation, simply representing an 
unnecessary burden on resources.
At the time of completing this research, local authorities are starting the process of 
developing Air Quality Action Plans or Strategies. In common with many of the 
initiatives referred to earlier, there is a need for public ownership of the plan or strategy 
in question through consultation and participation in pursuit of the principles of Local 
Agenda 21 (Williamson, 2001, DEFRA, 2002a). This implies the solutions to local air
12___See DLTR Best Value website: 
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quality are unlikely to be discrete actions but more a conglomeration of many initiatives 
and actions with varying degrees of effect dependant on community uptake. The level 
of inherent uncertainty in such community measures is well beyond that considered for 
the purposes of review and assessment, reinforcing the view that substantiating 
is more realistic than providing precise of air quality values. Murthy 
(1990) provides useful guidance here when discussing model validation; 
In summary, optimising the review and assessment methodology will allow 
resources to be better focused on evaluation and implementation of local air quality 
management options, i.e. tackling the problem rather than defining it to the n* degree. 
In scientific terms this may be interpreted as recognising a degree of uncertainty and 
accepting there is an optimum at which attempts to reduce uncertainty further are not 
practical.
Linking the conclusions that local air quality management will not be implemented 
wholly at the District level, that short term deadlines inherent in the Air Quality 
Objectives are not critical and that the tools required should be sufficient to monitor or 
predict change leads to the hypothesis: sufficiently robust tools can be developed to test 
land use and transportation policies at a scale to improve local air quality whilst 
incorporating policies to reduce greenhouse gas emissions. This hypothesis directly 
responds to the requirements of the proposed revision to PPG23: 
which states as one of its objectives to identify 
(ODPM, 2002a) and supports the high level UK 
policy links between local air quality and climate change described in Chapter 2 of this 
thesis.
2.3.2 
The decision was made to test the hypothesis using a Geographical Information System 
(GIS) platform to assist integration of the tools within day to day land use and 
transportation planning activities. GIS is now firmly established as a working tool 
within local government although its use in this field is likely to result in a shift in local
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air quality management from environmental health to planning departments 13 . GIS has 
an important advantage in its ability to spatially check input data. As a planning control 
tool, the GIS used by a local authority needs to be accurate and hence, the base plan of 
roads, buildings or protected areas, for example, provides an accurate reference for 
checking the emissions inventory is spatially correct as well as providing the means for 
relating the results to land use and transportation planning. A review of work in 
compiling emission inventories for local and regional scale air quality modelling reveals 
a widespread use of GIS. For example: in Greater Manchester by Lindley (1996, 
1998, 2000); Catalonia by Delgado (2000); Sacramento by Dai and Roche (2000); 
Lisbon by Borrego (2000); optimisation of an air quality monitoring network within 
an industrial area within the Basilicata Region of Southern Italy by Bonfiglio 
(1998); and Istanbul by Bozyazi (2000). Most of these examples used ArcView as 
the GIS platform. Both Dai and Roche (2000) and Lindley (1996,1998, 2000) used 
proxy data to spatially disaggregate national, regional or county level emissions data to a 
finer resolution. Bonfiglio (1998) highlight the integration of land use data to both 
derive emissions and subsequent impact assessment; in this instance the effect of 
industrial emissions on areas of vintage cultivation. A further example is described by 
Briggs (2000) who used spatial regression to map traffic related air pollution in four 
urban areas.
Fotheringham and Wegener (2000) illustrate the wide application of GIS in spatial 
environmental modelling but argue GIS is not good for atmospheric modelling being 
poor at handling continuous phenomena and expressing simultaneous changes in multi- 
dimensional fields; atmospheric models requiring numerically intensive solutions to 
complex multi-variate systems of equations, and providing little support for dynamic 
modelling (feedback loops). The authors argue atmospheric models are 
13 In providing an update to an original 1991 survey of all local authorities in Great Britain, Masser 
and Campbell (1996) noted 34.2% of all local authorities in 1991 reported to not having plans to 
introduce GIS whereas over 90% of county councils had GIS by 1993. They also note the 
increased provision of data by Ordnance Survey; suggesting greater uptake by local government 
using nationally consistent information although Shepherd (1996) reviewed the national 
availability of data including roads, rail, utilities and population, calling for a national database of 
infrastructure and settlement information. The planning and development departments of local 
government were most cited as controlling the GIS with one-third taking the lead in multi- 
departmental facilities. The GIS used in Kent is ArcView (Arclnfo) developed by Environmental 
Systems Research Institute Incorporated (1996). According to the survey previously cited, this is 
by far the most commonly used GIS in local government; in 1993 some 22% used this system.
____The next most popular system (Maplnfo) was used by 7%.____________________
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. Methods for coupling GIS and models were considered by 
Fotheringham and Wegener, all of which are included in this study:
isolated applications; the use of a separate dispersion model to estimate ground 
level concentrations arising from Part A Processes (see Section 4.3.1)
loose coupling; the estimation of traffic emissions from major roads (see Section 
4.3.3)
tight coupling; the application of the Matrix Model to estimate ground level 
concentrations arising from area sources (see Section 5.3)
full integration; the conversion of NOX to NOz (although not strictly a spatially 
explicit function - see Section 5.6).
Moreover, this research includes a detailed and comprehensive review of inventory and 
model verification and validation studies to demonstrate the robustness of the 
methodology; see Sections 4.3 and 5.7.
The hypothesis has been tested by first developing the tools and then using them to 
assess a number of land use and transportation planning scenarios in the context of 
meeting local air quality and climate change policy objectives. The tools required can be 
considered in terms of assessment criteria, emissions inventories and dispersion models.
The review of UK policies relating to climate change and air quality management 
included in Chapter 1 identifies four targets for reducing greenhouse gas emissions1 , in 
terms of a future compliance date and a historical baseline, and two milestone years for 
the assessment of local air quality. With reference to the stated research hypothesis, the 
following years were selected for study:
  1990: the base year for greenhouse gas emissions
  1997: a scenario year for which ambient monitoring data are available for 
model validation
14 For the purposes of this study, no reference is made to the uncertainty of climate change. Paoli 
and Bass (1997) highlight the preference for policy makers to ignore uncertainty in issues such as 
climate change. Hence, for this study, reference is made to objectives for reducing greenhouse
____gas emissions only.________________________________________
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  2000: a scenario year for which ambient monitoring data are available for 
model validation and a milestone year for greenhouse gas emissions
  2005: a milestone year for local air quality
  2010: a milestone year for local air quality and greenhouse gas emissions
  2020: a reasonable horizon for regional land use planning, and the furthest point 
forward for which emissions data are available
  2050: a long term planning horizon for reducing greenhouse gas emissions.
With the intention of ensuring the tools developed would be practicable, informal 
discussions were held with council officers and practitioners to consider how such tools 
would be used. This consultation confirmed the following conclusions:
should be based on standard emissions factors and activities, and 
include a 1990 baseline and forecasts up to 2020. Use of recognised emissions 
factors would ensure consistency and enable comparisons with national data. The 
baseline year was chosen for greenhouse gas emissions. Forecast years included: 
current years, for comparison with observed ambient air quality; 2005 and 2010, 
for evaluation with air quality objectives; and 2020 being a reasonable horizon for 
regional scale planning with projections to 2050 desirable
should be based on information already available and maintained by 
the council. Primarily, this would ensure the workload of the council was not 
increased, ensure forecast data were available and facilitate dialogue with other 
policy makers (as, by definition, the data being collated and maintained by the 
council are for other purposes; Street and Ireland, 1997) 15
should be based on recognised and defensible techniques. 
The results should be evaluated with reference to observed ambient levels. The 
modelling should enable rapid evaluation of scenarios to be assessed
  the tools should be with implicit sufficient for long term 
land use and transportation planning on a regional scale.
These conclusions are in line with the principles of DETR (1997b-e, 1998a-d, 2000f-l, 
200la) and draft DEFRA (2002a-b) guidance on local air quality management and draft 
government guidance on planning and pollution control (OPDM, 2002a). For example, 
is
15 The issue of resource and time constraints is highlighted by Lindley (1998, 2000) who also 
propose the use of In testing the application of two dispersion 
models, Courthold and Whitwell (1998) highlight their use of model input data representative of 
what may be available. Secondary benefits to this approach include the ability to use census data
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wholly consistent with local air quality management guidance. Specifying tools which 
is considered in line with planning and 
pollution control guidance.
Having developed sufficiently robust tools, Chapter 6 demonstrates how they could be 
used to test land use and transportation policies. The spatial scale chosen is the same 
adopted by Kent County Council and Medway Council who are jointly implementing the 
Structure (land use) and Local Transport Plans, with time horizons of 10-15 and 5-10 
years, respectively. A number of land use and transportation policy scenarios were 
assessed demonstrating the need for an integrated approach. Using the tools to analyse 
these policy scenarios leads to some useful conclusions highlighting the potential for 
measures to reduce greenhouse gas emissions to improve local air quality, the need to 
use land use planning to limit personal exposure and off setting as a mechanism for 
accommodating new development.
disaggregated by ward to assess population exposure (Jensen 2001 and DEFRA, 2001).
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As stated in Section 1.1 local authorities have a statutory duty to manage local air quality 
although guidance is limited in consideration of wider sustainability issues within this 
process. Nevertheless, there are various tools available in the UK for the development 
of local air quality action plans or strategies. These tools may be considered in two 
categories:
(a) Tools enabling air quality to be assessed:
  air quality objectives
  ambient monitoring
  emissions inventories
  air quality models.
(b) Tools enabling air quality to be improved:
  emission limits for individual sources
  total emission limit for an area
  air quality management plans
  management groups
  public information
  public liaison.
All of the tools enabling air quality to be assessed are implemented at the national level. 
The Air Quality Strategy (AQS) (DETR, 2000b) includes a number of air quality 
objectives. In its recent submission to the European Commission with respect to the Air 
Quality Daughter Directive, DETR (200 Ib) made use of national data from air quality 
monitoring networks and emission inventories, and surrogate spatial modelling 
techniques developed by Stedman (1998a-b, 1999a-b) Stedman (1998, 1999a-d, 
2001a-c) and Stedman and Handley (2001). In meeting their statutory duties under Part 
IV of the Environment Act 1995 (HM Government, 1995) all district councils or 
equivalent in England, Scotland and Wales will have used these tools to a greater or 
lesser extent with those proceeding to a Stage III R&A requiring detailed application of 
monitoring, emission inventory and modelling tools (DETR, 20001, 200la and DEFRA,
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2002b). With the exception of some metropolitan borough wide studies in, for example, 
the West Midlands (Birmingham City Council, 2000) and regional studies undertaken by 
the Environment Agency (2000a) there has been limited application of these tools at 
levels of governance between national and district council.
All of the tools enabling air quality to be improved are also implemented at the national 
level, as described in Chapter Two. With the exception of 
all of these tools are being considered in developing AQAPs at the district council 
level or equivalent (DETR, 1997c, 2000f, DEFRA, 2002a, Williamson, 2000b, 2001). 
An aspect of this research, in coupling emissions reduction targets for greenhouse gases 
with local air quality objectives, provides some original investigation of the 
implementation of a total emission limit for an area at the local to regional scale.
This chapter provides a critical review of the relevant and 
analysis of data to identify the key criteria for assessment of air 
quality. Much of this work was undertaken during the beginnings of the first round of 
review and assessment of air quality by local authorities. The conclusions are supported 
by the results of local authority work in practice.
The development of an and for application at a 
scale between national and local governance is described in Chapter Fours and Five.
3.2 
The setting of air quality criteria is the keystone to air quality management enabling the 
success or failure of any strategy or management plan to be measured. The AQS 
includes objectives for eight key pollutants, of which seven are included in the Air 
Quality Regulations (HM Government, 200a, 20010) 16. The UK air quality objectives 
are actually comprised of air quality standards and objectives:
  an air quality is the level below which human health, flora and fauna is 
not harmed or amenity affected. For each pollutant detailed studies are required 
to assess at what concentration and over what time period these harmful effects 
will occur. The evidence available is not always consistent which can make 
agreement difficult on what level an air quality standard is set. This is
16 Due to be replaced by the Air Quality (Amendment) Regulations (DEFRA, 2002a).
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compounded by the fact different pollutants may react in combination and be 
synergistic in effect.
  an air quality is the policy target for achieving the air quality standard, 
in terms of proportion of the year and by what date.
The ideal air quality objective should be based on the best scientific knowledge of the 
effects of the pollutant at a given level and also the political and economic reality of 
achieving that level within a given period.
The DETR (200 Ic) is consulting on the setting of Air Quality Bandings for the provision 
of information to the public. For the purposes of this research, the discussion is limited 
to air quality objectives only.
Many countries have established air quality standards based upon best scientific 
evidence but often including an element of watering down due to political pressure. An 
example of this was the relaxing of the US ozone standard in 1979 from 80 ppb to 
120 ppb due to political concerns over the economic impact of compliance (Elsom, 1996 
page 43). Such standards are often expressed in simple terms of concentration over a 
given time period (eg. 50 jag/m3 as an annual mean) and it is not possible to separate out 
the political element in setting the standard.
In the UK most concern is addressed on the effects of air quality on human health17 . The 
Department of Environment (superseded by DETR then DEFR A) set up an independent 
panel of UK scientific experts in air pollution and health effects referred to as the Expert 
Panel on Air Quality Standards (EPAQS). This Expert Panel is required to review 
available scientific evidence and recommend air quality standards for each of the key 
pollutants identified in the AQS. EPAQS (1994a-d, 1995a-b, 1996, 1998, 1999) has 
reported on all eight pollutants to date in addition to poly cyclic aromatic hydrocarbons. 
The work of this Expert Panel is independent and to a large degree replicates the work of 
the World Health Organisation (WHO, 1984 and 1996) which made recommendations of 
acceptable levels for some 28 pollutants. The acceptance of WHO air quality guidelines 
within Europe (see comparison of WHO and EU limit values in Table 3.1) as well as by 
funding agencies such as the World Bank (1997) demonstrates a convergence of opinion 
suggesting the future work of the Expert Panel may be limited. However, the existence
17 Although there are UK Air Quality Standards for flora and fauna, this study is limited to health
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of such an Expert Panel can be useful. In its revision of the 1987 guidelines, WHO was 
not able to set a definitive standard for PMio; there being no safe limit, but produced a 
relationship between concentration and number of deaths. Such an approach is not 
practicable for the assessment and management of air quality. With some qualification, 
the Expert Panel was able to set an air quality standard for this pollutant enabling 
meaningful interpretation of monitoring data and the setting of targets and objectives.
Each UK objective is based on an air quality standard derived from a review of the 
health impacts of each pollutant, and a specific objective; a future date by which the air 
quality standard will be achieved for a proportion of the year. This is determined 
through consideration of the economic and political effort required to reduce current 
levels to below the standard. For some pollutants, such as carbon monoxide and 
1,3 butadiene, the original NAQS published by the Department of Environment (1997 a) 
suggests the standards for 2005 will be met by around the year 2000 based on current 
legislation and policies already in place. The revised AQS published by DETR (2000b) 
proposed bringing forward the date for compliance to 2003 for these pollutants. For 
other pollutants, such as nitrogen dioxide, the standard is unlikely to be achieved by the 
target year of 2005 unless additional measures are put in to place. This approach of 
setting rather than was also adopted by the European 
Commission in setting limits for pollutants under the first Air Quality Daughter 
Directive (99/30/EC).
Air quality standards and limits are not necessarily applicable at all locations. The 
approach adopted in the UK is to limit public exposure to poor air quality. The 
standards and limits only apply where the public may be reasonably be expected to be 
present over the applicable averaging period. For example, air quality standards and 
limits based on the annual mean or averaging periods of 24-hours apply in the vicinity of 
housing, schools or hospitals whereas short term (1-hour or 15 minute mean) air quality 
standards or limits apply at all locations (DETR, 1997a, 1998d, 2000b, DEFRA, 2002a- 
b). The issue of personal exposure and the applicability of air quality standards and 
limits is discussed further in Section 6.5.
Local authorities have a duty to consider the UK air quality objectives in undertaking 
their local air quality management duties. The air quality objectives are not mandatory
related criteria._________________________________________________
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(in contrast to the Air Quality Regulations 1989) although local authorities do need to 
demonstrate best intent in meeting them to comply with the Environment Act 1995. 
This includes, for example, industrial operators demonstrating 
(BATNEEC). Setting air quality objectives 
nationally removes the need for local authorities to research and adopt their own criteria 
although these may have to be defended in court. Moreover, as air quality criteria are 
derived from epidemiological studies they should, theoretically, be consistent at least 
within the UK. Nonetheless, local authorities may refer to other guidelines such as those 
published by WHO or the EU.
The UK air quality objectives are considerably more stringent than the air quality 
standards implemented by the Air Quality Regulations (HM Government, 1989) in force 
when the NAQS was published and include for a further four pollutants. Whereas the 
now superseded UK air quality standards were based on EU Directives (80/779/EC, 
82/884/EC and 85/203/EC for sulphur dioxide and particulates, lead and nitrogen 
dioxide, respectively) the objectives included in the original NAQS represented a 
departure from current EU thinking. The UK objectives were based on 
recommendations of health standards made by the EPAQS whereas the EU limit values 
are generally based on revised guidelines published by WHO (1996). The UK 
Government has ratified the EU Air Quality Framework and is actively negotiating on 
the various Daughter Directives setting EU limits for some thirteen pollutants. The 
revised AQS and Air Quality Regulations include additional objectives numerically 
similar to the published and proposed EU limits (see Table 3.1). Importantly, the 
statutory duty for complying with EU limits remains with central government and not 
local authorities. This was reiterated by the DETR (2001a) 'Stage IV' guidance. The 
introduction of further EU Daughter Directives is expected to extend the number of UK 
air quality objectives to include pollutants such as polycyclic aromatic hydrocarbons, 
cadmium, mercury and PM2.s (AQS, paragraph 137).
The air quality objectives are compared to the WHO guidelines and EU limits in 
Table 3.1. Ambient concentrations for gaseous pollutants are expressed in 
or The conversion to 
or is assumed at reference 
conditions of 20°C and 1013 mb.
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Table 3.1 
Comparison Of WHO, EU and UK Health Based Air Quality Criteria
Averaging 
Period WHO (1996) EU Limit
1997
UK Objective 
(by 2005)
2000 
UK Objective Comments
Benzene
running 
annual mean
no safe limit
designated 
(carcinogenic)
5 ppb 
(16.25 ug/m3 )
5 ppb 
by 2003
The EU has proposed a 1.5 ppb limit for benzene to be 
achieved by 2010. This is similar to the provisional UK 
target of 1 ppb for 2010.
DETR (2000b paragraph 153) expects the 2003 
objective to be achieved but acknowledges further 
measures will be required to meet the 2010 objective at 
roadside locations.
1,3-butadiene running 
annual mean
1 ppb
(2.25 |ng/m3 )
Ippb 
by 2003
Neither the WHO nor EU have published or proposed a 
guideline or limit value for 1,3 butadiene.
DETR (2000b para 160) expects the UK air quality 
objective will be achieved by 2003; no further objective 
is expected.
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1-hour 25 ppm 30 mg/m3
Carbon 
monoxide
8-hour 8.6 ppm 10 mg/m3
10 ppm 
(11.6 mg/m3 )
10 ppm 
by 2003
The UK objective, as a maximum rolling average, is 
more stringent than the WHO guideline. DETR (2000b 
paras 169-170) expects this objective to be achieved by 
2003.
The proposed EU limit of 8.6 ppm to be achieved by 
2005 is slightly more stringent than the UK air quality 
objective.
Lead annual 0.5-1.0
0.5 ug/m3 
by 2005
0.5 ug/m3 
by 2004
0.5 |ag/m3
0.25 
by 2008
With the exception of a small number of specific 
industrial processes, DETR (2000b paras 180-182) 
expects the objective to be achieved although more 
stringent industrial emission limits may be imposed on a 
case by case basis.
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Table 3.1 
Comparison Of WHO, EU and UK Health Based Air Quality Criteria 
1997 
Pollutant Averaging WHO (1996) EU Limit UK Objective 2000 Comments Period (by 2005) UK Objective 
The EU has adopted the WHO guideline. 
The 1997 UK I-hour objective is less stringent than the 
EU limit but with a tighter deadline. 
105 ppb "105 ppb 150 ppb "105 ppb I-hour by 2010. (287 fJglm') by 2010 The 2000 UK objective is in line with the EU limit but (200 fJg/m') 99.8 th %ile Maximum 99.8 u1 %ile is phrased as provisional in the Regulations. 
Nitrogen 
dioxide DETR (2000b, para 195) recognises meeting the annual 
mean objective is expected to result in the I-hour 
objective being achieved (see Section 3.3.3). 
21-26 ppb 21 ppb 21 ppb The annual mean criteria are the same for the UK. EU 
annual (40-50 fJg/m') by 2010 21 ppb by 2005 and WHO, although the UK objective is described as provisional in the Regulations. 
--
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Table 3.1
Comparison Of WHO, EU and UK Health Based Air Quality Criteria
Pollutant
Fine Particles
(PM 10)
Averaging 
Period
24-hour
annual
WHO (1996)
no safe limit 
designated
no safe limit 
designated
EU Limit
b50 (ag/m3 
by 2005,
90th %ile 
b50 ug/m3
by 2010,
98th %ile
40 ug/m3
by 2005
20 ug/m3
by 2010
1997
UK Objective 
(by 2005)
50 ug/m3 
99th %ile
-
2000 
UK Objective
b50 ug/m3 , 
by 2005, 
90th %ile
40 ug/m3 
by 2005
Comments
WHO has not published a safe limit for PMi 0 . The
EPAQS recommendation is based on a reasonable level 
of risk (an increase of one in 1000 deaths during a 
pollution episode) and recognition of the need to set a
Standard for monitoring purposes.
EU limit for 2005; now adopted as the UK 2000
objective. Differences in monitoring methods (DETR.
2000b, paras 247-248) suggest the UK objective is less 
stringent than the EU limit.
The EU has proposed Stage II limits to be achieved by 
2010. The number of allowable exceedances of the 24-
hour limit will be reduced to seven times per year. The
annual limit will be reduced to 20 jug/m3 ; see Figure 3.1.
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Table 3.1
Comparison Of WHO, EU and UK Health Based Air Quality Criteria
Pollutant
Sulphur 
dioxide
Averaging 
Period
10 minute
15 minute 
1-hour
24-hour
Annual
WHO (1996)
188ppb 
(500 ug/m3)
132ppb 
(350 ug/m3)
47ppb 
(125 ug/m3)
50 ug/m3
EU Limit
-
C 132ppb, 
by 2005
d47 ppb, 
by 2005
-
1997
UK Objective 
(by 2005)
-
100 ppb 
(286 ug/m3) 
99.9th %ile
-
-
2000 
UK Objective
100 ppb, 
99.9th %ile 
by 2005
C 132ppb, 
by 2005
d47 ppb, 
by 2005
-
Comments
The criteria for sulphur dioxide published by all three 
bodies are similar and, between them, provide a range of 
standards for different averaging periods from 10 
minutes to one year.
Notes 
(a) Not to be exceeded more than 18 times per calendar year
(b) Not to be exceeded more than 35 times per calendar year, using a high volume sampler. The TEOM equivalent value is 35 (ag/m3
(c) Not to be exceeded more than 24 times per calendar year
(d) Not to be exceeded more than 3 times per calendar year
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Work by the Airborne Particles Expert Group (1999) suggests local management of PM10 to meet the 
annual mean limit will not necessarily result in achieving the 24-hour UK objective or EU limit 
because of secondary contribution from external sources. Such sources are evidently outside the 
control of local authorities; the annual mean limit may prove to be a more practical objective for 
local air quality management. This is illustrated above for Bexley during 1996. The annual mean 
concentration was 24 |ng/m3 ; well below the EU limit of 40 ng/m3 for 2005 and close to the proposed 
EU limit of 20 jig/m3 for 2010. The UK air quality standard was regularly breached with the 99th 
percentile being 80 p.g/m3 for that year.
(source: compiled from data in the National Air Quality Archive, 
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3.3 
The measurement of air quality in the UK is based on a small number of relatively 
standardised techniques. As described by DETR (1998a, 2000i) and DEFRA (2002b) 
guidance, these techniques range from the relatively simple and cheap diffusion tube to 
the more sophisticated and considerably more expensive continuous (or automatic) 
analysers. Diffusion tubes can be used to measure fortnightly or monthly mean 
concentrations of nitrogen dioxide, sulphur dioxide and benzene. Continuous analysers 
are able to measure short term mean concentrations (collated in aggregates of 15 minute 
means) of all the priority pollutants except lead. The monitoring of lead is undertaken 
using the M-type sampler. This consists of a filter attached to a sampler head (specially 
designed to minimise air flow across the filter) through which air is drawn via a pump. 
Samples of lead are taken as monthly means.
DEFRA (2002b) funds a number of nationwide air quality monitoring networks 
throughout the UK. These are now organised into the Advanced Urban and Rural 
Network (AURN) with 105 monitoring stations, and six sampler-based (non-automatic) 
programmes including over 1200 nitrogen dioxide diffusion tube sites (Clark 
1999). The networks include monitoring stations measuring one or more pollutants from 
a comprehensive range including:
carbon monoxide 
  smoke and sulphur dioxide
  benzene (as total acid gases)
  1,3 butadiene 
  nitrogen dioxide
  particles (PMio and PM2. 5)   lead
  nitrogen oxides 
  acid deposition
	(NOX ; NO2 and NO)   toxic organic micro pollutants (TOMPS).
  sulphur dioxide
  ozone
All the priority pollutants are included within the national networks. However, these 
networks were not originally developed with local air quality management in mind 
although subsequent changes have occurred, including the addition of a number of
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roadside sites. The objectives of the national monitoring programme are stated as 
follows:
  to understand air quality problems so that cost effective policies and solutions 
can be developed
  to assess how far standards and targets are being achieved
  to provide public information on current and forecast air quality
  to assist the assessment of personal exposure to air pollutants
  to support local authorities in their review and assessment of air quality
  to check compliance with existing European Community Directives.
Ireland (1998) identified some 19 roadside monitoring sites within the AURN 
suggesting they would provide useful data for model validation if correlated with road 
traffic data. This work has been progressed by Laxen (2001, 2002) with Laxen and 
Wilson (2002) publishing a new approach to deriving NC>2 from NOX for air quality 
assessments of roads.
In addition to the AURN and non-automatic networks, a number of local authorities co- 
ordinate their own monitoring activities. Bull and Ireland (1994) observed the growing 
trend by local authorities to use Section 106 agreements attached to planning 
permissions to reinforce local monitoring regimes. Examples of locally co-ordinated 
monitoring include:
  The London Air Quality Monitoring Network
  The Welsh Air Quality Forum
  The Kent and Medway Air Quality Monitoring Network.
The London Air Quality Network is considered to be the first large scale co-ordination 
of local authorities to construct and maintain a number of automatic monitoring stations. 
The project was initiated in 1992 by the South East Institute for Public Health. The 
London network currently includes a total of over 100 pollutant monitors stationed at 67 
locations around London. Air quality data for London, updated daily, are available 
at www. (Beavers 1999).
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The Welsh Air Quality Forum was initiated in 1994 by the All Wales Chief 
Environmental Health Officers Panel. The first report of the Welsh Forum (1996) 
includes the results of 387 monitoring locations in Wales maintained by 31 of the 37 
local authorities in the Principality.
The Kent and Medway Air Quality Monitoring Network was launched in late 1997 
following recommendations made in the First Report of the Kent and Medway Air 
Quality Partnership (KCC, 1995). The network currently includes twenty automatic 
monitoring stations and over 180 non-automatic sampling sites. The network is 
maintained by SEIPH under a contract managed by the Association of Chief 
Environmental Health Officers in Kent and Medway (Barratt, 2000).
The AURN includes 12 automatic stations for benzene. The majority of local authorities 
do not regularly undertake routine monitoring of this pollutant and, if they do so, the 
monitoring is limited to benzene diffusion tubes. Data from automatic stations are 
available as 1-hour averages whereas the diffusion tubes provide monthly averages. The 
latter can be aggregated to provide a fixed annual mean but cannot provide a running 
maximum annual mean; the statistical descriptor of the air quality objective, which is 
slightly more stringent.
Chapter 3 _____________Key Criteria for Assessing UK Air Quality 
Using monitoring data from the national archive, Figure 3.2 provides a regression
analysis of fixed versus running maximum annual means . These results can be 
compared to analysis published by Stedman and Dore (1999a) who also report additional 
unpublished data:
where:
1.0496 0.081 0.9326 this work 
1.102 0.004 0.960 Stedman and Dore (1999a) 
1.1015 0.0198 0.9328 NETCEN (unpublished;
cited by Stedman and Dore) 
(95% confidence)
Forcing the regression to intercept = 0, yields a simple factor of 1.12 with little loss in 
the degree of correlation (R2 = 0.9282, 95% confidence). DETR (1998a, 2000i) and 
DEFRA (2002b) suggest the use of benzene diffusion tubes is an acceptable method for 
R&A within a tolerance of +/- 30% of the air quality standard. On the presumption 
benzene levels are in decline, using this degree of tolerance suggests the air quality 
standard for 2005 will be achieved if the results of diffusion tube monitoring indicate 
current levels are below 3.5 ppb. Stedman and Dore (1999a) report monitoring data 
from 28 roadside locations across the UK of which 11 were above 3.5 ppb. National 
modelling of roadside benzene concentrations by Stedman (1999a,b) and Stedman and 
Dore reported in the AQS (pp A112-A115) indicate the air quality standard will be 
achieved by 2002. This work also considered the provisional UK standard of 1 ppb to 
be achieved by 2010 concluding this would also be achieved with the exception of some 
25 road links in London and the M8 in Glasgow (50 links reported in the AQS).
The above work suggests the additional measures required to manage benzene levels in 
the UK are limited to a small number of roads and some industrial premises. Diffusion 
tubes offer a suitable means of monitoring the expected continued decline in benzene 
levels and can be used to assess air quality with reference to both the UK air quality 
objective and proposed EU limit.
18 In this and subsequent analyses presented in this Chapter a simple linear regression has been used in 
accordance with usual practice (see references in main text as appropriate).which assumes the values 
are 'correct' by minimising the sum of the squared deviations in the direction. Work by Ayers 
(2001) would suggest a more correct approach would be Reduced Major Axis (RMA) regression which 
minimises the product of the and deviations from the fitted line, ie. assumes neither ;c nor values
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The AQS reports fixed and running maximum annual mean concentrations of benzene 
observed over the period 1994 to 1998 at 13 sites including one influenced by industrial 
sources. The analysis presented above excludes the industrial site and includes 47 pairs 
of data.
(source: compiled from data in the AQS, Table A4)
This pollutant can only be monitored using automatic equipment. Observations in the 
UK are currently undertaken at the same automated network sites that benzene is 
observed. However, as the main source of both these pollutants is road vehicles, the 
results of benzene monitoring could be used as a proxy in urban areas. Concurrent 
monitoring data from University College London (UCL) reveals a very high correlation 
between ambient concentrations of these two pollutants. This is illustrated in Figure 3.3 
with the following regression equation:
_________________
_________________
_____________
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benzene, ppb
The above regression was constructed using hourly observations of made at the urban 
background site at UCL. Four years of observations yielded 31,300 pairs of data, 
excluding one outlier. The liner regression has a very high degree of correlation (R2 = 
0.9303).
(source: compiled from data in the National Air Quality Archive, www.
Using this regression, the air quality objective of 1 ppb for 1,3 butadiene is likely to be 
met in urban areas if the running annual mean benzene concentration is below 5 ppb.
This conclusion, based on work by Ireland (1998) is supported by further analysis of 
data reported in the AQS. The results of monitoring benzene and 1,3 butadiene at 
twelve sites across the UK (1994-1998) are summarised in Figure 3.4. The derived 
regression from these summary data is similar to equation (2) above:
...(3)
Shifting the origin of both these regressions to (x=0, y=0) yields, for equations (2) and 
(3) respectively:
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Shifting the origin of both these regressions to (x=0, y=0) yields, for equations (2) and 
(3) respectively:
[1,3 butadiene] ppb = 0.2208 * [benzene] ppb (R2 = 0.9289) .. .(4) 
[1,3 butadiene] ppb = 0.2034 * [benzene] ppb (R2 = 0.8903) .. .(5)
The regressions are very similar, confirming the dominant contribution of road traffic to 
ambient concentrations of both pollutants and the lesser effect of local and inter-year 
meteorology.
From these regression, we can derive 1,3 butadiene concentrations will be approximately 
20% of ambient benzene concentrations. Assuming levels of 1,3 butadiene are in 
decline and the dominant source continues to be road traffic, the air quality objective for 
this pollutant will be achieved if observed levels of benzene are below 5 ppb; or below 
3.5 ppb if measured using diffusion tube. From data cited above, this appears already to 
be the case for most roadside locations. National modelling by Stedman and Dore 
(1999b) suggests the standard will be achieved at all locations by 2004.
This work suggests no additional measures are required to manage 1,3 butadiene levels 
in the UK. Monitoring benzene as a proxy using diffusion tubes offers a suitable method 
for demonstrating the expected continued decline in 1,3 butadiene levels and can be used 
to assess air quality with reference to the UK air quality objective.
The only technique currently recognised by DETR (1998a, 2000i) and DEFRA (2002b) 
for monitoring carbon monoxide is automatic infra-red absorption. Less precise 
techniques are available based on electrochemical cells but are yet to be formally 
recognised.
The most significant source of carbon monoxide in urban areas is road traffic, suggesting 
annual mean observations of benzene could be used as a proxy. However, there is no 
strong correlation between the annual mean and the maximum 8-hour mean 
concentrations of carbon monoxide1 . This is demonstrated in Figure 3.5.
19 The UK air quality objective is expressed as the maximum 8-hour mean although the 
difference is negligible in the context of this discussion.________________________
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The above regression was constructed using annual summaries of the maximum 
running annual mean concentrations of benzene and 1,3 butadiene observed at eleven 
sites across the UK. A total of 45 pairs of data were compiled. Note: the DETR 
operate two additional sites: Middlesborough - an industrial site and Marylebone Road 
- data not yet available; both were excluded from this analysis.
(source: compiled from data in the AQS, Tables A4 and A9)
Analysis of aggregated observations of carbon monoxide at urban locations by Archer 
(1998) and DETR (2000b) suggests a decline in the urban maximum 8-hour mean of 
0.9 ppm per annum since 1990. This trend cannot be applied directly to observed 
kerbside levels owing to local effects such as street canyons. However, if a 'no change 
in policy* scenario (ie. future reductions in road traffic emissions will occur at least at the 
same rate as in the past20) is assumed, extrapolation of this trend to 2005 suggests the air 
quality objective will be achieved at locations where the current (2000) observed 
maximum 8-hour concentration of carbon monoxide is less than 13 ppm.
20 This assumption is based on a continual roll over of the national vehicle fleet, with new cars fitted 
with three way catalytic converters replacing the older vehicles without, and continual improvement 
in the performance of three way catalytic converters.
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The only kerbside monitoring site with several years of data for ambient concentrations 
of carbon monoxide is the heavily congested Cromwell Road (AADTF = 60, 000). The 
maximum rolling 8-hour mean concentrations observed since 1990 are as follows:
Year 1990 1991 1992 1993 1994 1995 1996 
ppm 15.5 13.9 8.7 9.1 10.1 6.7 6.4
The limited data set for Cromwell Road precludes drawing any conclusions of long term 
trends. The results do confirm the air quality standard (of 10 ppm) has not been 
exceeded since 1994 at this busy location and are well below 13 ppm. This suggests the 
air quality objective will not be breached. This is supported by data included in the AQS 
(Table A14) for seventeen roadside / kerbside monitoring stations during 1998; the 
maximum running 8-hour concentration of carbon monoxide being in the range 3.7 to 
11 ppm with all but three sites below 7 ppm.
The results of modelling of roadside carbon monoxide levels for the 7508 most heavily 
trafficked links across the UK by Stedman (1999b) are summarised in the AQS; 
with only one link expected to breach the air quality standard and EU limit value by 
2004 assuming extreme meteorology. In more typical years, the air quality standard and 
limit value would be achieved by this year.
The above work suggests no additional measures are required to manage carbon 
monoxide levels in the UK. Monitoring techniques are currently limited although, given 
the margin between observed values and the air quality standard, less precise techniques 
could be adopted to demonstrate the expected continued decline in carbon monoxide 
levels.
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Ratified data from 35 monitoring stations in 1998 including historic data where available 
yielded some 124 pairs of data. The degree of correlation between the maximum 8-hour 
mean and the annual mean is low (R2 < 0.42, 95% confidence level) and is influenced by 
the tail end data at higher concentrations; at annual mean concentrations <2 ppm (119 data 
points) R2 < 0.33, 95% confidence level.
(source: compiled from data in the National Air Quality Archive, 
An analysis of aggregated data reported in the AQS (Table A18) indicates lead levels at 
all urban and rural sites monitored have been below 0.25 j^g/m3 (the air quality standard 
for 2008) since 1990. Observed levels of lead are higher at kerbside locations and near 
to specific metallurgic industries.
Figure 3.6 illustrates the consistent decline in kerbside concentrations of lead 
corresponding with the reduced consumption of leaded petrol at three UK sites. The air 
quality standard for 2008 has already been achieved at these sites since 1994 suggesting 
the assessment of lead need not include road traffic. Local air quality management for 
lead is limited to specific industrial processes already regulated by the Environment 
Agency or the local authority.
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Kerbside monitoring data from central London, Cardiff and Manchester (1990 to 1998) all 
demonstrate a similar decline in levels of lead at locations dominated by vehicular 
emissions.
(source: compiled from data in the AQS, Table A18, DETR, 2000b)
Compliance with the 1-hour air quality standard can only be determined using automatic 
equipment. However, the most commonly used method is the diffusion tube, providing 
a fortnightly or monthly mean value, that can only be used to assess nitrogen dioxide 
levels with respect to the annual mean standard of 21 ppb (40 ug/m3). Figure 3.7 is a 
scatterplot of the number of exceedances of the maximum 1-hour standard (as per the 
against the annual mean observed from all automatic 
monitoring stations in the UK since 1979 (Ireland, 1998). As expected, there is no direct 
correlation between the averaging times. However, for the years and locations with an 
annual mean value of less than 20 ppb, the maximum 1-hour objective was not 
exceeded.
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Ratified data from 47 monitoring stations in 1996 including historic data where available 
yielded some 180 pairs of data. The red dashed lines indicate the air quality standards 
relevant when the work was undertaken. There is little correlation between the two sets of 
data (R2 < 0.43, 95% confidence level for a straight line regression) but for all annual mean 
values less than 20 ppb the corresponding maximum 1-hour value was within the air quality 
standard.
(source: Ireland, 1998)
Since the revision of the air quality objective (150 ppb as the 99.8th percentile of 1-hour 
values) this relationship has been revisited using 1998 data from 85 sites within the 
AURN (Figure 3.8). This analysis should be treated as preliminary as variations in the 
99.8th percentile of hourly means are expected with different meteorological years; this 
year also being characterised by good dispersion and hence, generally good air quality. 
However, the straight line regression yields a high level of confidence with only one 
outlier suggesting the analysis is robust. The 99.8th percentile of hourly values is 
expected to be within the air quality standard when the annual mean is less than 
approximately 35 ppb.
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Monitoring guidance published by DETR (1998a, 2000i) and DEFRA (2002b) suggests 
the use of nitrogen dioxide diffusion tubes is an acceptable method for R&A within a 
tolerance of ± 30% of the air quality standard21 . This suggests breaches of the short term 
(99.8th percentile of hourly values) objective are unlikely if observed annual mean levels 
are less than 24 ppb. Interpretation of diffusion tube monitoring data in this way may be 
useful to identify locations where more detailed assessment, including automatic 
monitoring, is required.
Only 2% of the data cited in Figure 3.8 were above the short term standard whereas 53% 
of sites were above the annual mean standard, suggesting the latter will be much harder 
to achieve. Analysis of aggregated data from urban centre and urban background 
monitoring sites by Archer (1998) reported in the AQS (page A143) suggests the 
annual mean concentration has been declining by between 0.3 to 1.5 ppb per annum 
since 1987 with the typical decline being approximately 0.7 ppb. Extrapolating the 
annual mean trend, assuming a 'no change in policy' scenario as before, suggests the 
annual mean objective will be achieved in urban centre and urban background locations 
if the observed concentration in 1998 was less than 16.5 ppb. From the data cited in 
Figure 3.8, only 21% of the 85 sites recorded annual mean concentrations less than 
16.5 ppb in 1998. Archer et al (1998) also report trend analysis for the maximum 1-hour 
values although only the 98th percentile of hourly values are reported as statistically 
robust in the AQS. Given the argument presented around Figure 3.8; that the short term 
objective appears to have already been met at most (98%) locations, further 
consideration of this trend analysis is not made in this research.
21 In reporting data from the UK NO2 network, Loader (2002) suggest annual averages of NO2 
calculated from six month of data are likely to be within ± 10% of the annual average at urban and 
suburban sites and within ±20% at roadside sites. Earlier work by Heal (1999) which 
suggested the diffusion tube method generated results 22-24% greater than observations using 
chemiluminesence appears to have been addressed by improved laboratory QA/QC; Bush 
(2001) reports an uncertainty of ± 10-18% for annual means._____________ ________
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The top graph was constructed using ratified data from 85 monitoring stations in 
1998. The red dashed lines indicate the current (2000) air quality standards. There 
is a strong degree of correlation between the two sets of data: R2 =0.8220, 95% 
confidence level for a straight line regression increasing to 0.8621 excluding one 
outlier (shown in red). Although limited to one year, the analysis suggests the short 
term objective will be achieved at locations where the annual mean is less than 
approximately 35 ppb.
The bottom graph was constructed using only roadside data from the same data set 
(21 sites). The regression and degree of correlation are very similar. Note that 
almost all the roadside sites breach the annual mean air quality standard.
(source: compiled from data in the AQS, Table A22).
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Modelling by Stedman (1999c, 2001a-b) of urban locations across the UK is cited 
in the AQS, taking into account measures to further reduce emissions of nitrogen oxides 
in the future. The results suggest annual mean concentrations will be less than 18 ppb at 
23 of the 31 sites modelled by 2005 and at 28 of the sites by 2009. Only one location 
(London Bloomsbury) is not expected to achieve the air quality standard by 2009. The 
implication here is that urban concentrations of nitrogen dioxide will continue to decline 
with most locations meeting the objectives. The exception to this is roadside locations. 
The modelling by Stedman included roadside locations, also cited in the AQS, and 
a number of vehicular emission reduction scenarios which, if implemented, would 
reduce the number of locations not complying with the air quality standard by 2010 to a 
handful of road links. It is implicit from the AQS that national measures to reduce 
emissions from the vehicle fleet will not be sufficient to achieve the objectives for 
nitrogen dioxide and local measures are required.
Although mean winter/summer ratios of NOz concentrations are generally in the order of 
1.2 to 1.6 at background locations (Atkins and Lee, 1995, Hargreaves 2000, Loader 
2002) short term peak concentrations of nitrogen dioxide are associated with 
summer photochemistry (the increased availability of ozone increasing the rate of 
oxidation of nitrogen monoxide; NO + Os   > NOz) and winter smogs, where the 
trimolecular reaction is thought to be one of the dominant processes (NO +   > 
NOz). In explaining why national modelling of nitrogen dioxide was limited to the 
annual mean, Stedman (1999c) cite earlier work by Bower (1994) who 
considered the rate of the trimolecular reaction to be dependant on the square of the 
nitrogen monoxide concentration. Hence, any reductions in emissions of nitrogen 
oxides will have a marked effect in reducing winter episodes of nitrogen dioxide. 
Stedman (1999c) support this by citing unpublished work by Derwent who 
modelled ozone trajectories across London. Derwent estimated the annual mean would 
fall to 70% of current values but winter peaks would fall to less than 50% of current 
values, taking into account the expected emissions reductions of nitrogen oxides. The 
AQS refers to other modelling studies by Derwent supporting the case that the annual 
mean objective is likely to be more stringent than the short term one. In one of these 
studies, Dixon (2000, 2001) estimate, from a study to fit polynomials to binned 
observations of nitrogen oxides and nitrogen dioxide, a reduction of 32-43% in the 
maximum observed concentration of nitrogen oxides (1991-1997) will be required to
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meet the 1997 maximum 1-hour objective. Assuming the concentration of nitrogen 
oxides is directly related to emissions, this reduction compares with various emissions 
reduction scenarios cited in the AQS of 56% by 2005, 67% by 2009 (both from a 1996 
baseline) and further reductions of 7-13% (from the same base year). The studies cited 
in the AQS consistently predict breaches of the annual mean air quality standard in both 
2005 and 2010.
From the above analysis, using diffusion tubes will provide suitable data for evaluation 
of ambient air quality with reference to both the short term and long term air quality 
objectives. Monitoring data suggests the short term standard is achieved if the annual 
mean concentration of nitrogen dioxide observed using diffusion tubes is less than 
35 ppb. Analysis of AURN data reveals the long term objective will be much harder to 
achieve; this is supported by national and urban scale modelling.
The Airborne Particles Expert Group, APEG (1999) identified three sources of particles:
Primary particles generated in mainland Europe are also observed in the UK. Estimates 
suggest the annual mean contribution from sources outside the UK ranges from 
1.9 jag/m3 in London to 1.0 jag/m3 in Edinburgh. APEG states this contribution is likely 
to be much greater during episodes. Secondary particles are formed within the 
atmosphere by chemical reaction or condensation of gases. Major contributors are 
sulphur dioxide and nitrogen oxides forming, through oxidation, sulphate and nitrate 
salts. A certain amount of particulate matter forms naturally from sources such as 
evaporation of water from sea spray, wind-borne pollen and dust. These sources form a 
background level of coarse particles.
APEG reports annual mean concentrations of PMio in urban areas in the range 10 to 
40 jag/m3, made up typically as follows:
3 ng/m3 : Primary
10 ng/m3 : Secondary
6-10 ng/m3 : Coarse
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In comparison, rural background levels are reported to be typically up to 10 fig/m3
Seasonal variations in PMio are observed with the additional effects of meteorology also 
being important. Breaches of the air quality standard for PMi0, expressed as a rolling 
maximum 24-hour mean, are observed in summer months - which may be wholly due to 
sources from the Continent and photochemical processes - and during winter months due 
to temperature inversions trapping emissions at ground level. However, evidence 
reported by King (2000) suggests most urban PMio does not originate from local 
sources and the occurrence of pollution episodes tends to occur across whole regions of 
the country. This is supported by example in Figure 3.9; observations made at four 
monitoring sites in the south east of England demonstrate a number of episodes 
occurring concurrently.
o 100 -
1400
From an analysis of hourly sequential data of PM i0 concentrations observed at a number 
of sites across the south east during 1997-1998, the extract above is for the first 2000 
hours of 1997 (up to 24 March 1997). All sites exhibit a similar pattern, due to 
variations in the meteorological influence on the local dispersion of emissions. 
Observations on the south coast include a high frequency of elevated concentrations, 
either due to sea salt or continental emissions. The latter appears to be significant during 
the episode (350-400 hours) with all sites exhibiting elevated concentrations.
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The monitoring of PMio to observe such events is only possible using automatic 
techniques providing aggregates of less than daily (ie. hourly) mean concentrations 
(Ruuskanen 2001). In the UK this is achieved using the 
(TEOM) instrument. This instrument is not consistent with the 
prescribed in the EU Daughter Directive, albeit the latter only 
provides daily mean values. Work by Moorcroft (1999) sponsored by the DETR 
suggested applying a factor of 1.3 to TEOM results for comparison with the high volume 
sampler whilst recognising local variations will apply22 . This factor was used in the 
AQS (Table A32) to report ambient levels of PMio in the UK monitored using the 
TEOM with reference to the EU limit values. The data reported in the AQS are included 
in Figure 3.10.
From these data we can derive a relationship between the annual mean and the 90th 
percentile of daily means (the EU Stage I limit value):
Although there is no correlation between the annual mean and the higher percentile 
statistics, the results do indicate the EU Stage I short term limit value will be achieved if 
annual mean concentrations are less than 32 jig/m3 . Analysis presented in the AQS 
concludes the EU Stage I and Stage II short term limit values will be achieved if annual
mean concentrations are less than 28 |j,g/m and 17 jag/m , respectively.
Modelling by Stedman (1998, 1999d, 2001a, c) of future PMio concentrations has 
been undertaken for a number of urban sites across the UK. Predictions were made 
using 1995 and 1996 meteorology (see Chapter 4) and secondary contributions for both 
a 'business as usual' scenario and a 'primary and secondary emissions reduction' 
scenario. The results, cited in the AQS (Tables A34 and A35) lead to the following 
conclusions:
22 The reason for the inconsistency is the preheat chamber in the TEOM, raising the air inlet 
temperature to 50°C, with subsequent loss of volatiles. As the concentration of volatiles varies in the 
air, there is no direct relationship between TEOM and gravimetric measurements. However, 
subsequent unpublished work by Moorcroft based on lowering the air inlet temperature demonstrates 
a consistent relationship between the two instruments (based on own discussions with equipment 
suppliers). ________________________________________
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the 1997 UK air quality standard will be widely exceeded in 2005 and 2010 for 
both scenarios, albeit to a lesser extent in 2010
  
the EU Stage I limit values (90th percentile of daily means and annual mean) will 
be achieved in 2005 and 2010 at all locations, with few exceptions only for the 
short term limit value
  
The EU Stage II limit value (98th percentile of daily means and annual mean) will 
be widely exceeded in 2005 and 2010 for both scenarios.
Stedman (1999d, 200 Ic) also conclude the EU Stage II annual limit is more 
stringent than the EU Stage II short term limit. This is consistent with the analysis 
presented in Figure 3.10. This will require significant reduction in both local emissions 
of primary PMio and regional / national / pan-European emissions of primary and 
secondary PMio. Only continued monitoring and analysis of short term (aggregates of 
one hour) variations in ambient levels of PMio will enable source apportionment to be 
made. For the purposes of modelling and subsequent local air quality management this 
is important as it enables the background contribution - the proportion of PMio that 
cannot be directly managed - to be determined.
The air quality criteria for sulphur dioxide are measured as either fifteen minute, hourly 
or daily means suggesting only the use of continuous monitoring equipment will enable 
local authorities to demonstrate compliance. The monitoring equipment is relatively 
expensive so the number of monitoring sites across the UK is limited. This in turn limits 
the information available regarding the frequency and location of any breaches.
In urban areas where coal is still burnt, EPAQS (1995a) suggests the 15 minute air 
quality standard (100 ppb for the 99.9th percentile of 15 minute means) is unlikely to be 
exceeded if either the maximum daily mean concentration of sulphur dioxide is below 
28 ppb or if the 98% percentile of daily means is below 19 ppb. Ireland (1998) 
summarised monitoring data from the smoke and sulphur dioxide monitoring network 
for 1995 and 1996, concluding that most urban locations are likely to experience short 
term exceedances on the basis of analysis by EPAQS. A review of the exceedances 
reported from national monitoring sites confirms this observation; see Figure 3.11.
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The data for 1998 (solid symbols) include 49 sites across the UK. The data for 1996-97 
are based on 18 sites (total of 36 pairs of data). All data are derived from TEOM data 
using the 1.3 factor where applicable (see main text). For the 1998 data, the EU Stage I 
Limit (90th percentile of daily means) is generally achieved and shows a high degree of 
correlation with the annual mean (R2 = 0.8656, 95% confidence level). The degree of 
correlation is much diminished with higher percentiles. The UK air quality objective 
(99th percentile of daily maximum running means, TEOM) appears to be similar with 
the EU Stage II Limit (98th percentile of daily means, gravimetric). Data for 1996 and 
1997 are included to illustrate 1998 was a 'good' year for air quality with sufficient 
dispersion and low secondary contribution from the continent. Note, however, the 
majority of sites breached the air quality standards and limit values, with the exception 
of the Stage I EU limit values (90th percentile of daily means and annual mean).
(source: compiled from data in the AQS, Table A32 and Stedman, 1998b).
The AQS reports monitoring data for 1998 across the UK. The results are compared to 
the three air quality criteria in Figure 3.12. The criteria are achieved at nearly all the 
sites with the 15 minute standard being breached at more sites than either the 1-hour or 
daily standards.
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Although annual mean levels of sulphur dioxide in urban areas are higher than in rural 
areas (Abbott 1999) the reduction in domestic coal use since the Clean Air Act 
1956 has more or less eliminated the occurrence of extended periods of high sulphur 
dioxide and smoke concentrations in urban areas. Moreover, industrial use of coal has 
also decreased with many operators using boilers fired on gas; the pattern of sulphur 
dioxide today is characterised by low annual mean concentrations in urban areas with 
short term peak concentrations due to the grounding of plumes from large industrial 
sources burning coal or oil. In studies undertaken for the UK power generators, Laxen 
(1996) suggested the UK 15 minute objective for sulphur dioxide was unachievable in 
the vicinity of coal and oil fired plant. Subsequent studies by Fisher and Acres (2000) 
suggest the introduction of more stringent emission limits by the Environment Agency 
will ensure the objective is met at these locations.
4i
Data from 40 sites across the UK in 1996 with historical data to 1988 yielded 148 
pairs of data. The above frequency analysis illustrates the number of 15 minute 
periods in one year the 15 minute air quality standard of 100 ppb was breached. The 
air quality objective allows 35 breaches of this value (shown by the red line); 65 of the 
148 observations failed to meet the air quality objective, albeit prior to 2005.
(source: Ireland, 1998)
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The analysis for sulphur dioxide suggests episodes are associated with either single point 
sources dominating short term concentrations or poor dispersion conditions in urban coal 
burning areas. The Environment Agency (1999) has stated the major point source 
contributors (power stations) will be sufficiently regulated to significantly reduce the 
potential for breaching the 15 minute objective. Other point sources are generally 
regulated either by the Environment Agency or the local authority. More diffuse urban 
sources can be reduced through the specification of fuel supplies (via designation of 
smoke control zones, for example).
a. 
a.
V 
M
y= 10.592X+ 11.004 
= 0.6129
3.8397x + 0.8045 
= 0.8012
Data from 62 sites across the UK in 1998 are presented with reference to the 1997 
UK air quality objective and EU limits. The 15 minute standard was breached at 6 
sites, whereas the EU (hourly) limit was not breached and the EU (daily) limit only 
breached twice. Comparison of the number of breaches of the 15 minute standard 
(see Figure 3.11) confirms 1998 was a 'good' year for air quality.
All three statistical meters demonstrate some correlation with the annual mean, 
although previous analysis by Ireland (1998) with several years of data suggests 
there is only a very poor correlation between the annual mean and the 99.9th 
percentile of 15 minute means. Assuming an uncertainty of 30%, the above results 
suggest both EU limits will be achieved if the annual mean concentration is less than 
8 ppb.
(source: data collated from the AQS, Table A39)
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(source: data collated from the AQS, Table A39) 
A number of ak quality management tools are available to assess and improve air 
quality. Of the former, air quality objectives provide the benchmark to determine if air 
quality management is succeeding. Given the fundamental role of ak quality objectives, 
it is useful to acknowledge the convergence of scientific and government opinion in 
setting them. The UK air quality objectives and EU limits are, to a large extent, 
equivalent.
Monitoring the success of air quality management requires direct measurement to 
provide infallible evidence of change in air pollution levels. Given the influence of 
meteorology, this evidence can only be accumulated by observing trends over several 
years. How we determine what monitoring data are infallible is the subject of continued 
debate not considered here. Given limited resources, there is a balance required between 
high quality data, available from only a small number of sites, and lesser quality data 
available at many locations. Based on discussions with environmental health officers, 
anecdotal evidence suggests the public will place greater trust in monitoring rather than 
modelling data, with no regard to the actual data quality.
The UK has extensive national monitoring networks and many local authorities operate 
automatic monitoring sites to national operating standards generating high quality data. 
Analysis of these data provides an assessment of current air quality with reference to the 
relevant air quality standards and, by projection of historical trends (assuming a 
'business as usual' scenario) an assessment can be made of whether the relevant ak 
quality objective will be achieved. Further analysis of these data provides for the 
development of surrogates and definitions of tolerance when using simpler monitoring 
techniques.
The results, summarised in Table 3.3, are based on work undertaken principally in 1997- 
1998 and are supported by work in practice; the subsequent designation of AQMAs 
following detailed (Stage III) review and assessment by local authorities.
Chapter 3________________________Key Criteria for Assessing UK Air Quality
The analysis described in this Chapter leads to the conclusion that not all of the fifteen 
UK air quality objectives included in the Air Quality Regulations 2000 require detailed 
consideration at all levels of governance.
At a national level, the UK Government is obliged, in accordance with 99/30/EC to 
monitor and report air quality with reference to EU limits. This is being achieved by 
minor modifications to the national monitoring networks and using national scale 
modelling techniques, where predictions are below a proportion of the EU limit. All of 
the UK air quality objectives derived from EU limits therefore have to be formally 
monitored and assessed to prescribed levels of detail by Central Government. 
Subsequent measures to ensure the EU limits are met are also the responsibility of 
Central Government.
At a local level, local authorities are obliged to assess the likelihood of achieving the UK 
air quality objectives, based on local circumstances and national trends in emissions, and 
exhibit best endeavours to improve local air quality. The inference from DEFRA 
guidance is that monitoring beyond the first round of R&A is only required for 
pollutants not expected to meet the air quality objectives. Of the 113 local authorities 
which had designated or announced intention to designate AQMAs by May 2001, 
Woodfield (2001 a-b) reported:
  40% had/would designate for nitrogen dioxide (annual mean objective) only
  52% had/would designate for nitrogen dioxide (annual mean objective) and PMi0 
(24 hour objective) only
  4% had/would designate for nitrogen dioxide (annual mean objective) and sulphur 
dioxide (15 minute objective) only
Woodfield (2001 a-b) provided further analysis based on source type. Of the 113 local 
authorities, the proportion of AQMAs due to source types were:
  70% traffic only
  20% traffic and industrial
  5% domestic and traffic
  5% industry only.
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There is no formal obligation for meeting air quality objectives at the regional scale. 
Planning at the regional level requires working to longer time scales. The approach to 
air quality management must be one of ensuring long term reductions in air pollution 
levels, as depicted in Figure 2.1. The planning role of regional governance and the 
regulatory role of the Environment Agency and local authorities needs to be clearly 
differentiated when assessing the contribution of industry to short term peak 
concentrations of sulphur dioxide and lead. However, the effect of meteorology giving 
rise to short term peak concentrations can be addressed at the regional level by ensuring 
the long term mean is sufficiently low to prevent such episodes occurring. There is 
strong evidence to support this in the case of nitrogen dioxide but less so for PMio where 
the contribution from continental Europe can be significant during short term episodes.
In conclusion, this review of air quality objectives and ambient monitoring data suggests 
the key criteria for local and regional government in assessing and managing UK air 
quality are:
  the annual mean concentration of nitrogen dioxide, not to exceed 40 ug/m3 
(21ppb)by2005
  the annual mean concentrations of PMio, not to exceed 28 ug/m3 by 2005 or 
17 ug/m3 by 2010.
Both these criteria are applicable in the vicinity of housing, schools or hospitals.
The additional tools enabling air quality to be assessed (emissions inventory and 
dispersion model) have therefore been developed at the approximate regional scale 
based on annual mean emissions of nitrogen oxides and PMio. The development of an 
emissions inventory and dispersion model is described in Chapters 4 and 5 respectively.
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Benzene 5 ppb, running annual mean, 
by 2003, 1.6 ppb by 2010
Roadside levels < 3 ppb Yes, excepting specific 
industrial sources.
None designated. Diffusion tube < 3.5 ppb
1,3 butadiene 1 ppb, running annual mean, 
by 2003
Roadside levels < 1 ppb Yes None designated. Assume to be 20% of observed 
benzene levels
Carbon monoxide 10 ppm, running 8-hour mean, 
by 2003, 8.6 ppm by 2010
Roadside 
< 11 ppm
levels Yes None designated. Automatic analyser or electro- 
chemical device
Lead 0.5 jag/m , annual mean, by 
2004,0.25 ug/m3 , by 2008
Roadside 
<0.2 ug/m3
levels Yes, excepting specific 
industrial sources.
Not known. M-type sampler
Nitrogen dioxide 105 ppb, 1-hour mean not to 
be exceeded >18 times p.a, by 
2005 (UK) or 2010 (EU)
21 ppb, annual mean, by 2005 
(UK) or 2010 (EU)
All sites < 105 ppb, 
with few exceptions
Most urban and 
roadside levels 
>21 ppb________
Yes 100% (annual mean 
objective only)
No
Short term objective; diffusion 
tube > 22 ppb, annual mean
Long term objective; diffusion 
tube > 15 ppb
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Particles 50 |ig/m3 , 24-hour mean not to 
be exceeded >35 times p.a, by 
2005 (Stage I) and >7 times 
p.a by 2010 (Stage II)
40 |ig/m3 , annual mean, by 
2005 (Stage I) or 20 ug/m3 , by 
2010 (Stage I))_________
Ambient
< Stage I limit
levels
Ambient
< Stage I limit
levels
Stage I objectives 
already achieved, with 
few exceptions.
Stage II objectives not 
expected to be 
achieved.
52% Automatic analyser; Stage I and 
II: short term objectives met if 
corresponding annual mean 
objectives are achieved, subject to 
contributions from continental 
Europe
Sulphur dioxide 132 ppb, 1-hour mean not to 
be exceeded >24 times p.a, by 
2005
47 ppb, 24-hour mean not to 
be exceeded >3 times p.a, by 
2005
100 ppb, 15 minute mean not 
to be exceeded >35 times p.a, 
by 2005
Ambient levels below 
1-hour and 24-hour 
mean standards in 1998; 
breaches expected in 
other years.
Yes, subject to industry 
specific source control
4%
15-minute standard 
regularly breached
1-hour and 24-hour objectives; 
diffusion tube < 8 ppb, annual 
mean
15 minute objective; automatic 
analyser
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The compilation of atmospheric emissions data is undertaken by a number of 
organisations around the world for a variety of reasons, including air quality 
management and monitoring progress in reducing greenhouse gas emissions. There are 
two common approaches: estimation of emissions from the 'top down' using fuel use 
statistics, for example, to provide aggregated totals classed by sector and estimation of 
emissions from the 'bottom up' using spatially defined activity data (Hutchinson and 
Clewley, 1996, DETR, 2000J). In practice, regional scale studies have required a 
combination of the two (Borrego 2000, Sturm 1999 and Lindley 1996, 
1998). On the largest scale is the inventory maintained under the United Nations 
Convention on Climatic Change which collates emission data expressed on a national 
basis provided by some 36 countries globally (United Nations, 1999). Guidelines for 
compiling national emissions of GHGs have been produced by the Inter-Governmental 
Panel for Climate Change (Bolin and Sundararaman, 1996). The next level down, with 
respect to the UK, is the CORINAIR inventory based on 50 km by 50 km grid squares 
across Europe and first completed in 1990 for the year 1985. The preparation of this 
inventory included the compilation of an Emission Factor Handbook with a number of 
default factors that may be used in the absence of more specific data (European 
Environment Agency, 1996). There are several examples of using the CORINAIR 
inventory as a reference for disaggregation of emissions to local land use, including that 
of Cosmi (1999) for the Basilicata region of Italy. For a number of years the DETR 
has been maintaining a UK National Atmospheric Emissions Inventory (NAEI: 
Goodwin 1997, 2001). With the exception of carbon dioxide, this is based on 
10km grid squares and includes information for seven pollutants including nitrogen 
oxides and PMio. Carbon dioxide emissions are reported nationally although DETR 
(2000a) has indicated regional disaggregation is being considered. Baldasano 
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(1999) provide an example of how greenhouse gas emission data can be compiled for a 
region (Barcelona) and reported as CC>2 per capita. In describing the compilation of 
district level inventories of greenhouse gases in India, Garg (2001) consider such 
disaggregation useful, both in terms of developing sound mitigation strategies at 
manageable smaller scales and improving national estimates, although no specific 
consideration of uncertainties is reported.
Experience from maintaining the NAEI enabled the DETR (1999e) to publish company 
guidelines for estimating GHG emissions using many of the techniques and default 
emission factors included in the IPCC and CORINAIR work. These guidelines form the 
basis of the CBI methodology developed by its Emissions Trading Group for companies 
to trade GHG emissions within arrangements to be introduced as part of implementing 
the Climate Change Levy (CBI Emissions Trading Group, 2000). These trading 
arrangements could include offsetting schemes with local government (such as the 
support of public transport by industrial developers).
The reported accuracy of the annual mean NAEI based on 10 km grid squares is shown 
in Table 4.1. The accuracy for 1 km grid squares is not yet reported but is likely to be 
less precise. These estimates of accuracy are useful in providing a means of determining 
the overall confidence in detailed modelling studies for the purposes of local authority 
review and assessment of air quality and for regional scale studies.
Table 4.1 
Accuracy of National Estimates of Atmospheric Emissions in the UK
POLLUTANT
Methane 
Sulphur dioxide 
Nitrogen oxides 
Non-methane VOC5 
Carbon monoxide 
Black smoke
ACCURACY (+/-)
30 to 40% 
10% 
30% 
50% 
40% 
20 to 25%
Note: Stated accuracy for carbon dioxide is 5% for the UK as a whole.
(Source : Goodwin 1997, 2001)
The first comprehensive urban emissions inventory was prepared by the London 
Research Centre (LRC; now part of the Greater London Authority) in 1995 for the West 
Midlands as part of the DETR Air and Environment Quality Research Programme 
(Hutchinson and Clewley, 1996). The authors of this inventory consider it suitable to be
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used as a template for other UK local authorities should they wish to prepare their own 
emission inventories although no reference to validation or uncertainty analysis is made.
A series of emission inventories has now been published by the LRC based on the same 
methodology for the following urban areas (Buckingham 1997a-c; 1998; 
Hutchinson and Clewley, 1996):
  Bristol
  London
  Greater Manchester
  Merseyside
  Southampton and Portsmouth
  Swansea and Port Talbot
  West Midlands.
In developing the West Midlands Emissions Inventory, the LRC set out its methodology 
for identifying suitable emission factors starting with those developed in the UK and, 
should those not be available, factors developed in Europe or elsewhere. This 
methodology has been adopted in the course of this research. Based on first hand 
experience in compiling the urban inventories, Sadler (1998) provides an overview of 
emission sources, their significance and ease of estimation, in terms of the quality of 
emission factors and availability of activity data. This work suggests emission sources 
can be ranked in terms of data quality; see Table 4.15.
In considering the application of the detailed urban emission inventories for the purposes 
of Stage III R&As, Vawda (1998) highlighted the following shortfalls:
  traffic flows based on traffic models with a basic vehicles mix and extrapolated 
by limited traffic counts
  greater resolution required in variations in traffic speeds along links
  better information required of vehicle types / mixes
  no future predictions made for 2005
  PMio, benzene and 1,3 butadiene estimates generally poorer than other pollutants
  emissions expressed as annual mean
  no temporal / seasonal variations in vehicle emissions assumed.
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These shortfalls suggested significant improvements will be required to use the urban 
inventories for Stage III R&As. Considerable investment was made in preparing those 
urban inventories (for example, in excess of £50,000 for the West Midlands Inventory) 
which is unlikely to be sustained in estimating temporal variations in emissions in the 
future. A significant step change in resource requirements is required to temporally 
disaggregate emissions data. The usual approach for traffic emissions is to apply 
national or local diurnal and seasonal traffic profiles, as described by Lindley 
(1998) although more complex statistical profiling techniques, as described by Niemeier 
(1999) are available. Similarly, Carslaw (2000) describe the use of operational 
data to profile annual mean emissions data from large combustion plant in the Thames 
Estuary. There is a lack of DETR guidance on estimating temporal variations in 
emissions. In this study the preparation of an emissions inventory of nitrogen oxides 
and particulates has been limited to estimating annual mean emissions. This is not 
considered to be significant for, as demonstrated in the preceding chapter, most concern 
for nitrogen dioxide and PMio lies with achieving air quality objectives based on the 
annual mean or derivative. Furthermore, emissions of GHGs are expressed as annual 
means, enabling common activity data to be used thus simplifying the inventory 
compilation.
Although the urban inventories include carbon dioxide, Vawda's review (1998) was 
limited to Stage III R&As. Notwithstanding the points cited above, the urban 
inventories are, therefore, useful as a starting point for compiling GHG emissions. 
These are usually expressed as annual means and hence, issues of temporal resolution 
are not applicable. There are differences in spatial resolution and the methods used for 
compiling local air quality related pollutants and GHG emissions. The NAEI for GHGs 
refers to the IPCC guidance and the use of energy or fuel consumption data for 
estimating emissions from a country as a whole. Similarly, the DETR and CBI 
Emissions Trading Group guidance refers to aggregate fuel consumption data for 
company vehicle fleets in preference to mileage rates. The use of such methods supports 
the observation made by Reynolds and Broderick (2000) that emission inventories are 
obsolete by virtue of the time taken to compile and verify the data. Lindley (2000) 
describe the use of national and regional trends in activity or proxy data to extrapolate to 
future and past years. This is in line with the urban inventories and guidance for 
compiling emission inventories (DETR, 2000J) which provide methods for estimating
Chapter 4____________________________Local To Regional Scale Emissions
emissions using spatially derived activity data, such as traffic flows on specific road 
links; recognising the limited availability of fuel sales data.
The use of activity data also has the advantage of enabling analysis of various source 
control measures (development of AQAPs) beyond gross fuel substitution. By 
developing techniques for estimating GHG emissions based on common activity data, 
the effects of air quality management can also be considered in terms of GHG emissions 
in both temporal and spatial scales, and in terms of broader local environmental issues 
such as noise.
A further advantage of using activity derived emissions data is the ability to link with 
data compiled and forecast by government for planning purposes. National projections 
of energy and fuel demand are based on gross trends in the economy, population, land 
use and transport, taking little account of regional variation. These projections are then 
amended to meet national objectives with the amendments often passed on to more local 
government, industry or business as targets; almost every measure within the Climate 
Change Programme is an example of this. For local government to influence these 
trends, it needs to incorporate these targets within the planning process. By linking 
emissions to activity data rather than gross trends, local government is able to assess the 
impact of adopting various measures or policies in preparing and implementing its 
various plans. However, a further important point made by Lindley (2000) is the 
inevitable differences in methodologies for compiling inventories including updates, 
such as the UK National Atmospheric Emissions Inventory (Gilham 1994, 
Goodwin 1999, 2000) This presents two potential problem in comparing 
inventories. For inventories of the same geographical area Lindley and Longhurst 
(1998) recommend careful documentation and comparison of the methodologies used. 
For inventories updated, Gilham (1994; see also Sturm 1999) rework the 
estimates for previous years using the updated methodology. How this impacts on 
policies based on emission reduction targets (eg. COi) is unclear at this time.
Activity data such as traffic flows, population density and land use classification, have 
therefore been used as the common reference for preparing a regional (annual mean) 
emissions inventory of nitrogen oxides, particulates and carbon dioxide.
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The review of available literature has been restricted to the following main sources for 
compiling a regional emissions inventory, although significant reference to published 
work has been made, particularly with regard to verification (Section 4.4):
was prepared 
by LRC in collaboration with RSK Environment. It is considered to be the 
definitive reference source for actual emissions data and emission factors expected 
from industrial and other activities in the UK. This database makes significant use 
of work published by NETCEN: Salway (1997) and Goodwin (1997, 
2001), and Lloyd's Register (1995). The database was designed to provide data 
and technical information to local authorities undertaking a local emissions 
inventory. The database does not include CC^ emission factors, except those 
derived from the NAEI or published by Lloyd's Register, and is therefore limited 
for the purposes of building a regional emissions inventory.
  
the DETR (1999) In developing 
guidance for Reviews and Assessments (see chapter 2) the DETR commissioned 
the Transport Research Laboratory to provide an updated version of the DMRB as 
a screening method for estimating roadside air quality for a Stage II R&A. The 
DMRB also includes speed and year related emission factors for a range of 
individual and aggregated vehicle types for use in a Stage III R&A, and factors for 
estimating carbon dioxide emissions.
  
The West Midlands (and other) considered best 
practice. The West Midlands Inventory covers a total area in excess of 899 square 
kilometres and a population of 2.5 million; approximately double that of Kent.
prepared under the European Urban and Regional 
Energy Management Programme by LRC (Chell and Hutchinson, 1993). The 
methodologies used to estimate energy use in the four sectors of domestic, 
commercial, industrial and transport (road, rail, air) can be extended to estimate 
atmospheric pollutant emissions. The London Energy Study also considered 
measures to reduce energy consumption. Such measures have an obvious role to 
play in air quality management and reducing GHGs.
is compiled by 
NETCEN. Spatially disaggregated data for 1995 are currently from the DETR 
website for nitrogen oxides, particles and other air quality related pollutants. 
Forecasts of future disaggregated emissions are not available although forecasts of 
future ambient concentrations are (Stedman 1998,1999a-b, 1999d, 2001a-c).
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The references identified above provide a variety of emission factors which, in 
conjunction with activity data, can be used to estimate emissions of air quality related 
pollutants, such as nitrogen oxides and particulates, and GHGs including carbon dioxide. 
The regional atmospheric emissions inventory compiled for this study includes three 
categories of sources:
: Part A, Part B and other
: road, rail, shipping and airports
: domestic, commercial land use categories 
and agriculture.
Industrial sources are represented in the regional emissions inventory as either point 
sources (Part A Processes) 250 m by 250 m area sources (Part B and other). Transport 
and other sources are also represented as 250 m by 250 m area sources.
Emissions from significant industrial sources outside the region also need to be 
considered. Part A Process emissions from the Thames Corridor (London and Essex) 
were also included within the modelling study although not within the emissions 
compilation. The import of nitrogen oxides and PMio from other sources outside the 
region has been incorporated within the modelling procedures with reference to rural 
background monitoring data and reported contributions to secondary particulates; see 
Section 5.4.
Processes
The NAEI includes industry as individual Part A Processes and aggregated emissions 
from other ('small') industry per 1 km2 . National emissions for all industry are 
estimated from Energy Statistics (fuel consumption). From this total (for each pollutant) 
the emissions from Part A Processes is removed. The category of small industry 
therefore includes Part B Processes and smaller industrial sources. The national 
emissions are distributed based on the Science Policy Research Unit (SPRU) study of 
boiler insurance policies (boiler size and fuel usage by 10 km grid squares for 1992). 
Land cover data maintained by the Institute of Terrestrial Ecology (ITE) was used to
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apportion emissions to 1 km grid squares with urban land use. Emissions are estimated 
using fuel emission factors for different levels.
LRC used the Chemical Release Inventory for Part A Processes, as validated by the 
Environment Agency. Part B Processes have been recorded based on data held by the 
local authorities. LRC noted the high degree of participation from these authorities in 
supplying these data. Information on large boiler plant was also collected by LRC, 
although how this was achieved is not detailed. LRC make the comment that the 
availability of emissions data for Part B Processes is scant and a more formalised 
system, based on Part A Processes, needs to be established. Sadler (1998) considers Part 
A processes to be the most significant source of local air pollution (rated 3, on a scale of 
0-3) along with road traffic, with Part B processes marginally less significant. Sadler 
also notes a wide inconsistency in the quality of emission factors (1-3, on the same 
scale) and availability of activity data (1-3, same scale) for Part A Processes. The 
quality of emission factors and availability of data for Part B processes are considered 
generally to be lower, 2 and 1, respectively.
Industrial emissions data in Kent and Medway have been compiled for Part A and Part B 
Processes. The emissions data for Part A Processes for 1997-2000 were derived from a 
combination of interrogation of the Chemical Release Inventory, reference to a study of 
the Thames Estuary by Carslaw (2000) and personnel communication with the 
Environment Agency. Extrapolation for other years (1990 to 2020) was based on 
judgement and discussions with the Environment Agency. These data provide direct 
input to the dispersion model as elevated point sources (see Section 5.2). Similar to the 
LRC findings, the quality of data for Part B sources in Kent and Medway is relatively 
poor. Data on the location and type (with reference to the relevant Process Guidance 
Note) of each Part B Process were compiled. Emission estimates were then made based 
on the type of process. For each combustion process, the fuel type and thermal rating 
was defined and subsequently the emission rates estimated using standard 
thermodynamic combustion calculations. The general assumption was made that 
combustion processes switched from oil to gas between 1990 and 1997, the exception to 
this being waste oil burners. Non-combustion emissions were derived from a 
combination of local knowledge and judgement to derive activity data, such as plant 
capacity and operating hours, and emission factors included in the DETR Atmospheric
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Emissions Databank. These sources were modelled as area sources (see Section 4.2.2). 
Although not ideal, this approach is considered to provide a worst case estimate of 
ground level contributions from Part B Processes; by implicitly assuming significant 
local building wake effects (see Section 5.3.4).
The study area includes 162 sources associated with Part A Processes and 421 Part B 
Processes. The location of each Part A and Part B source is included in Figure 4.1 
illustrating the general industrialisation towards the north east corner of the study area. 
This Figure also locates Part A Processes outside the study area which would be 
expected to have an influence. These have been included implicitly as part of the 
background contribution to NOX and PMio. This approach is supported by the results of 
Carslaw (2000) who suggest the annual mean NO2 contribution from Part A 
Processes along the whole of the Thames Estuary in 1998, from Slough to the Isle of
-} _ 
Grain, was between 0.6-1.4 ug/m in East London, 0.8 ug/m in Thurrock, along the 
northern shore of the East Thames Estuary, and 1 ug/m3 in Rochester. All of these 
contributions represent 3.5 % or less of the Air Quality Objective Value. One of the key 
findings of the work by Carslaw (2000) was the dominance of Grain and 
Kingsnorth Power Stations on air quality in the east Thames Estuary; both of which are 
included in the Kent and Medway emissions inventory.
A review of other published inventories (cited in this chapter) suggests industrial 
emissions are assumed to be static over time. The inventory developed for this research 
accounts for fuel switching (from oil to gas) economic growth and planned closures, 
upgrades or new installations.
In addition to Part A and Part B Processes, point sources in the West Midlands are 
identified as including central heating plants serving large groups of buildings such as 
hospitals, boiler plants supplying process heat to industry. Basic data in terms of land 
use are available but do not include details of plant specification or fuel consumption. 
The technique adopted in this study is described in Section 4.3.12.
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Delgado (2000) describes three principal methods to estimates traffic emissions. 
The simplest is to take account only of the total kilometres travelled by the whole 
vehicle fleet. The second is to assign speed-dependant emission factors for each trip. 
The third and most complex method is called modal modelling, where account is taken 
of the varying speed and subsequent emissions during each stage of the trip. Of all 
sources, Sadler (1998) notes that road traffic has the highest degree of data quality.
Road transport includes all vehicles on major roads and minor roads. Major roads in the 
NAEI include emissions from Trunk, Primary and Motorway road links (i.e. any road 
greater than a 'B' road). The Transport Division of the DETR provides estimates of the 
total vehicle kilometres travelled in these links. The average speed is estimated for each 
link. Year specific speed emission profiles have been compiled for each vehicle type 
and, using data of vehicle type on each road link, the emission calculated.
Emissions from minor roads are estimated nationally by subtracting the emissions from 
major roads from the UK total, the latter calculated from national total vehicle 
kilometres travelled. The remainder is apportioned by land cover (urban or rural) and 
population density. In rural areas an average speed of 56 km/hour is assumed and in 
urban areas (defined in the land cover database as concrete and roofing) an average 
speed of 28 km/hour is assumed. The same speed emission profiles are then used for 
each vehicle type to calculate total emissions.
In compiling a regional inventory for this study, major roads were defined simply as 
those for which flow data are available. In practice, the threshold was roads having an 
annual average daily flow of more than approximately 4000 vehicles; similar to the 
threshold of 5000 vehicles adopted by Delgado (2000) in a study of emissions in 
Catalonia. These data are stored for each 250 m by 250 m grid square in the region with 
each link assumed to be 250 m in length. This approach is similar to that of Valkonen 
(1996) who represented roads as 1 km grid squares for estimating urban emissions in 
Espoo, Finland but represents a potential calculation error as the road link may be 
shorter or longer. Lindley (1998, 2000) used the CIS to map links as lines and 
hence compute actual link lengths within each grid square. Although this overcomes
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this potential error, the authors acknowledge the start and end of each link was defined 
by the co-ordinates of the relevant road junction identified by the Greater Manchester 
Traffic Model with the link assumed to be a straight line between these points implying 
an underestimation of total link length and hence, emissions. In either case, the degree 
of error is not expected to be significant over the study area. To estimate speed related 
vehicle emission factors for NOX, PMio and CO2 on these roads, the Design Manual for 
Roads and Bridges (DMRB) (DETR, 1999, revised by DEFRA, 2002) method was used 
by:
1. using the standard emission factors for a 1996 fleet car travelling at 100 km/h
2. correcting for speeds between 5 and 140 km/h for cars and HDVs
3. correcting for years 2000, 2005, 2010 and 2020.
This approach is consistent with DETR (2000j,l) guidance for R&A but differs from that 
used to compile the NAEI.
The 1999 version of DMRB does not include emission factors for years before 1996 and 
the current (2002) revision does not include COi or emission factors beyond 2010. 
Emissions for 1990 were back projected from the tables of year correction factors (for 
cars and HDVs) based on the following suppositions:
  the significant change in legislation over this period was the introduction of three 
way catalytic converters which, although mandatory for all petrol cars registered 
after 1993, took place over several years before this
  the relatively low turnover of the national fleet (<10% per annum) means any 
changes due to the introduction of new vehicles with lower emissions takes place 
over several years; the resultant lag dampens significant changes in fleet emissions 
enabling extrapolation over periods of a few (<5) years
  CO2 emissions from cars increased slightly between 1990 and 1995 with increased 
vehicle size, emissions from HDVs remained unchanged.
The year correction factors for cars and HDVs between 1996 and 2020, including back 
projection to 1990 based on discussions with the Transport Research Laboratory (DETR, 
1999g, Hickman, 2000) are illustrated in Figures 4.2 and 4.3, including the revised 
emission factors for NOX and PMio (DEFRA, 2002b). The effect of the recent voluntary 
agreement by car manufacturers to reduce CC>2 emissions from new cars by at least 25%
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from 2008 (DETR, 2000a, pp84-85) has been included assuming an annual fleet 
turnover of 10% with 20% of cars being diesel.
Between 1990 and 2010, vehicular emissions of NOX and PMio were expected to have 
reduced significantly by more than 75% although the revised emission factors suggest 
the reduction will not be so marked. This is due to a previous optimistic assumption of 
the degree new vehicles would comply with new emission limits, most markedly in the 
case of PMio. In contrast, emissions of CO2 rose slightly up to 1995 with the trend for 
larger cars (eg. four wheel drive utility vehicles). The effects of the voluntary agreement 
are evident up to approximately 2015. The increase in HDV CO2 emissions from about 
2010 is the result of introducing larger vehicle sizes. Although not reported, revised 
emission factors for CO2 are not expected to be significantly different as the key factor is 
engine size and hence, fuel consumption, rather than the performance of catalytic 
converters or particulate traps.
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1990 1995
(Source: DETR, 1999g and Hickman, 2000)
(Source: DETR, 1999g, Hickman, 2000 and DEFRA, 2002)
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Raw traffic data were available for this study for the years 1997, 2005 and 2010. 
Extrapolation for other years was made using the following factors (KCC, 2000b; 
Figure 6):
1990 92
1996 100
2000 108
2005 115
2010 120
2020 130*
* Projections for 2020 not available from KCC but are assumed to follow the same trend.
The compilation of emissions estimates from major roads in this research is therefore 
unique in two aspects. Firstly, each link is represented as a 250 m by 250 m area source 
rather than a 1 km by 1 km area source or line source. Although this precludes the 
inventory being used directly for very local scale modelling, in defining the boundary of 
AQMAs for example, the loss of spatial resolution is not considered significant over the 
local to regional scale. This local resolution issue was overcome to a large extent by 
developing a method for modelling roadside air quality, as described in Section 5.5. 
Secondly, inventory includes estimate of carbon dioxide emissions back projected to 
1990 from published data for 1996.
Emissions from minor roads, for which flow data are not available, have been estimated 
using the procedures described below. In contrast to the NAEI, this method is a 'bottom 
up' approach using observations of trip generation for different land use categories. This 
method requires interrogation of the Kent Landuse GIS for population densities and 
urban or rural classification. The results are expressed in tonnes per head of population 
per annum for each 250 m grid square:
(a)
trips per annum = 8 trips per household per day (IMP, 1996)
*365 / 2.2 people per household
664
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(b)
minor traffic = 664
emissions * car emission factor @ 28 km/h
* 5 (assumed average distance to nearest 
(urban areas) urban road with traffic data)
* 1/1,000,000
minor traffic = 664
emissions * car emission factor @ 56 km/h
* 10 (assumed average distance to nearest 
(rural areas) rural road with traffic data)
* 1/1,000,000
Notes: (1) A cold start is assumed to last the first 2 km of the journey, as per the West Midlands
Inventory and DEFRA (2002b)
(2) People per household based on total population of Kent and Medway divided by 
total number of tenures (585341, 1991 census).
This method is similar to that used by LRC and assumes cold start emissions, in 
grammes per cold start trip are numerically equivalent to speed related emissions in 
grammes per kilometre. Lindley (1999) estimated the total number of cold starts in 
the UK to be 72.5 % of all trips in urban areas based on work by ETSU published in 
1994 and assigned cold start emission factors, also published by ETSU, accordingly. 
CORINAIR includes a method for estimating the proportion of cold start emissions for 
urban trips (eg. Delgado 2000, Reynolds and Broderick, 2000 and Mensink 
2000; the latter adopting an amended set of emissions factors derived from the 
COPERT II programme). Minor emissions from HDVs are not included. The emission 
factors, summarised in Table 4.2, have been applied to a population database 
disaggregated by 250 m squares for the base case years between 1990 and 2020. 
Population data were derived from a combination of census and forecast data for each 
district. The emissions for the total trip are therefore included within each 250 m square. 
Although this results in some spatial inaccuracy, the contribution from minor road 
emissions to local air quality is not considered significant. Over a typical study area of 
more than a few kilometres square, the total emissions will be representative. By 
accounting for local shifts in population over time, the method developed for this 
research is considered an improvement from other published techniques.
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Table 4.2 
Minor Urban and Rural Traffic Emission Factors 
(Tonnes per head of population per annum)
Minor 
Road
Urban
Rural
Notes:
Year
1990 
1997 
2000 
2005 
2010 
2020
1990 
1997 
2000 
2005 
2010 
2020
NOX
0.00468 
0.00333 
0.00253 
0.00156 
0.00106 
0.00090
0.01049 
0.00772 
0.00557 
0.00311 
0.00205 
0.00181
PM 10
0.000232 
0.000156 
0.000118 
0.000079 
0.000054 
0.000046
0.000339 
0.000227 
0.000176 
0.000121 
0.000081 
0.000064
CO2
0.7175 
0.7322 
0.7322 
0.7102 
0.6809 
0.6590
0.5250 
0.5357 
0.5357 
0.5197 
0.4982 
0.4822
NOX and PMi 0 emissions calculated using revised DEFRA (2002) emission 
factors. CO2 emissions calculated using DETR (1999) factors.
(Source : this study)
A method for estimating emissions from stationary traffic was developed using the 
DMRB during the Heathrow Terminal Five Public Inquiry (Hackman, 
This method assumes vehicles in parking areas are travelling at an 
average of 5 km/h. Time related emissions from parking areas can be estimated per 
vehicle assuming each vehicle takes an average of ten minutes to park (including 
entrance and exit):
[DMRB emission factor @5 km/h] : g/km * 5 / 6 = g/vehicle
Using this method requires activity data in the form of car park patronage data which 
was expected to be available in terms of revenue. Such data were not available during 
the course of this research and hence, car park emissions have not been explicitly 
included. The contribution from these sources is not expected to be significant across 
urban areas as a whole.
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Developed Land Use
The Trip Rate Information Computer System (TRIGS) database maintained by JMP 
(1998) has been reviewed to create a table of road vehicle trips generated by land use 
classification. These are provided in Table 4.3. Vehicular emissions were estimated 
assuming a speed of 28 km/h, with cold starts and with each trip being 500 m before a 
main road is reached.
In this study, the land use classifications in the maintained databases do not correlate 
fully with those detailed in the table above. Categories B1A, B1C, B8 and SG included 
in the land use databases have been assigned to BIB. Similarly, C3 has been assigned to 
Cl.
Neither historical nor forecast data from the land use databases are available, although 
the Structure Plan (eg. KCC, 1993) includes targets for economic growth by sector. 
These are derived from regional economic forecasts, in terms of gross employment, 
which themselves are based on national estimates. The employment forecast for the 
southeast region published in 2000, is included as Figure 4.4. This forecast represents 
the 'average' for the region and is used as a basis for planning economic development on 
regional and subregional levels. Economic growth targets included in Structure or Local 
Plans are therefore based on a local government's aspirations for meeting or achieving 
more than the regional forecast within different sectors. KCC, for example, aspires to 
achieving more than the regional forecast as a result of developments such as Ebbsfleet 
and Kent International Airport (KCC, 1993; Policies EDI, ED2, ED3). At the time of 
this study, more local forecasts or targets of economic development were not available. 
The regional economic forecast was therefore used by coupling with current land use 
data for the current year to generate base case years between 1990 and 2020.
This method is limited in spatial detail but, as more local forecasts are developed, has 
the potential to be resolved to at least the district council (Local Plan) level. For the 
purposes of this study, the contribution of land use class related emissions to local air 
quality is expected to be minimal and is not considered significant. DETR (1998b, 
2000J) and draft DEFRA (2002b) guidance does not address this source although its 
contribution to greenhouse gases will be significant (compare Figures 6.1 - 6.3). The
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method is considered valid for estimating GHG emissions aggregated across the study 
area. In contrast to the 'static' inventories cited in this chapter, this methodology allows 
for a direct link between land use and emissions to be established on both temporal and 
spatial scales.
Table 4.3 
Traffic Generation Factors By Land Use Class
Land Use Class
Code
Al
A2
A3
Bl 
BIB
B1C
B2
Cl
C2
Dl
D2
Use Class
Retail
Business (office)
Catering
Business 
(non- office)
General Industry
Warehousing
Hotels
Institutions
Non Residential 
Institutions
Sports and recreation 
Halls
Variable
Gross Floor Area
Gross Floor Area
Gross Floor Area
Gross Floor Area
Gross Floor Area
Gross Floor Area
No. of bedrooms
Gross Floor Area
Gross Floor Area
Gross Floor Area
Traffic Generation Factor
Trips per Day 
per 100m2
150
10
98
10
15
5
6 per bedroom
11
11
0.4
% HGVs
2
0
2
20
50
98
0.1
1
1
1
(Source : this study)
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6 TREND ANALYSIS AND FUTURE SCENARIOS





Chapter 6 Trend Analysis and Future Scenarios 
respectively. emissions from main roads would be reduced to 8.67r below the 2020 
baseline. 
The impact of these measures in terms of local air quality is illustrated in Table 6.2, 
following the same methodology as for Table 6.1. The results indicate a small benefit 
from reducing HOY traffic on main roads by 25% using the metric of the number of grid 
squares where air quality criteria are breached. Local air quality would remain similar to 
that modelled for 2010 2020 suggesting this management option would assist in 
stabilising local air quality at roadside locations. 
Table 6.2 
Local Air Quality Impact of Reducing Heavy Goods on Main Roads 
Number of Grid Squares Breaching Air Quality Criteria I 
Year 2020 
(out of a total of 62638 in the study area) 
N02 PM 10 PM 10 
(40 J.lg/m3 ) (28 J.lg/m3 ) (17 J.lg/m3) 
Business as 139 1183 5496 Usual 
25% shift in 
goods from 132 1155 5220 
road to rail 
(Source: this study) 
6.3.3 Scenario D : Low Emission Vehicles 
Following promotion by the NSCA (1998, I 999a,b ) some nine local authorities are 
considering the introduction of Low Emission Zones to reduce local traffic pollution in 
urban areas (TTR, personal communication). This is expected to promote the 
introduction of cars fuelled by Liquefied Petroleum Gas (LPG) or Compressed Natural 
Gas (CNG) which would be allowed in such zones, in preference to older technology 
vehicles with higher emissions. As technology advances, the introduction of electric 
vehicles is expected. Life cycle analyses of different fuels (petroL diesel, compressed 
natural gas, liquefied petroleum gas, low sulphur dieseL rape methyl ester and 
electricity) by Davies (1999) suggests the difference in emissions are not significant 
(ie. national total will not vary). Davies (1999) continued her work undertaking a review 
of vehicle emission factors as part of a study into introducing low emitting vehicles in 
190 
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